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(57) The present invention provides a process for 
producing ubiquinone-1 0 using a microorganism having 
the ability to fomi ubiquinone-1 0 and having one or more 
properties selected from the group consisting of the 
property wherein geranyigeranyltransferase activity is 
reduced or defective, the property wherein decaprenyld- 
[phosphate synthetase activity is strengthened, and the 



property wherein p-hydroxybenzolc acid-decaprenyl- 
transferase activity is strengthened, DNA and a 
polypeptide useful for the production process, microor- 
ganisms useful for the production, a method for express- 
ing a gene In the microorganisms, and a method for 
breeding the microorganisms. 
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Description 

Technlcai Field 

5 [0001] The present invention relates to a process for producing ubiquinone-1 0 which is useful for improving conditions 
of heart disease and as a substance having an antioxldative function, DNA and a polypeptide useful for the production 
process, a microorganism useful forthe production, expression of a novel gene in microorganisms, and a novel breeding 
of microorganisms. 

10 Background Art 

[0002] Ubiquinone is a generic term for 2.3-dimethoxy-5-methyl-6-polyprenyl-1 ,4-benzoquinone and Is also called 
coenzyme Q. Ubiquinone is widely present in the biological world as a component of electron transfer systems. The 
polyprenyl side chain of ubiquinone has a different length depending upon the biological species and homologues of 
IS ublquinone-1 to 1 3 have been found in nature. The main homologues are ubiquinone-6 to 1 0. Many mammals including 
humans biosynthesize ubiquinone-10. 

[0003] Ublquinone-IO is effective for the improvement of conditions invoh/ed In cardiac failure and other ischemic 
cardiac disorders and has been approved as a phamnaceutical. There has been a report that this substance Is effective 
for reducing the cardiac side effects of anti-cancer agents such as Adriamycin, and for the improvement of periodon- 
^ tosis, and protection of siceletal muscles against load from exercise [Bitamin no Jiten (Dictionary of Vitamins), The 
Vitamin Society of Japan (1996)1. 

[0004] in recent years, activation of energy metabolism by ubiquinone and antioxldative effect of ubiquinone have 
attracted attention and its demand as a healthy food has been expanded mainly in the U.S. and Europe. 
[0005] Currently, ubiquinone*1 0 is produced by synthetic methods or through extraction from microorganisms such 
25 as yeasts and photosynthetic bacteria. However, a more efficient production process Is required due to its increased 
demands. 

[0006] One of the effective means to form and accumulate a specific substance using a microorganism is to block 
the flow of an intermediate metabolite on the biosynthette pathway leading to a targeted product toward other pathways 
so that more of the intermediate metabolite flows to the targeted product. 
30 [0007] Ubiquinone is structurally divided mainly into the quinone skeleton portion and the polyprenyl side chain por- 
tion. The polyprenyl side chain is a kind of Isoprenoid containing 5-carbon Isopentenyi pyrophosphate (IPP) as a basic 
skeletal unit and is biosynthesized by condensation of a plurality of iPP. 
[0008] A series of enzymes participating in this reaction is called prenyltransferases. 

[0009] Prenyltransferases have been found in many biological species. For example, in Escherichia coll . presence 
35 of three enzymes with different length of synthetic chain, farnesyltransferase [J. Blochem., 108 , (6), 995-1000 (1 990)], 
oclaprenyltransferase [J. Bac, 179 , 3058-3060 (1997)], and undecaprenyltransferase[J. Bac. 181 , 483-492 (1999)], 
has been confirmed and the gene has been Identified for all of them. In Rhodobacter sphaeroides (hereinafter refen^ed 
to as R. sphaeroides) which is a photosynthetic bacterium, geranylgeranyltransferase (crtE) has been identified [J. 
Bac, 177, 2064-2073 (1995)]. 

40 [0010] The starting substrate for preny {transferase that supplies ubiquinone side chain Is considered to be famesyl 
pyrophosphate (FPP) which Is also the starting substrate for the biosyntheses of various isoprenoid. 
[0011 J In the case of R. sphaeroides , it is known that a remarkable amount of carotenoid accumulates from geran- 
ylgeranyl pyrophosphate (GGPP) which Is fonmed by the action of crtE [Biosynthesis of Isoprenoid Compounds vol.2, 
JOHN WILLY & SONS (1983)]. 

* 45 [0012] In the genera Pseudomonas and Rhodotorula , increased ubiqulnone-1 0 accumulation has been reported by 
deletion of their carotenoid producibility (Japanese Published Unexamined Patent Application Nos. 68792/82, and 
39790/82). 

[0013] In R. sphaeroides , it has been already known that the carotenoid producibility disappears where crtE is de- 
fective, but there has been no finding that such defectiveness causes a change in the amount of intracellular accumu- 

50 lation of ubiquinone-1 0 [Mol. Microbiol., 4 977-989 (1 990)]. 

[001 4] in the above literature, mutants in which carotenoid blosynthetic ability Is changed are obtained by the method 
wherein a mutagenic treatment is given to microorganism strains using radiations such as ultraviolet rays. X-rays, and 
'y^rays or chemicals such as sodium nitrite, nltrosoguanldine, and ethylmethyl sulfonate; strains showing a color change 
are selected from the mutated strains; and strains In which the ability to biosynthesize carotenoid is defective are further 

S5 selected. 

[0015] To readily cause a particular enzyme activity to become defective, a method of giving a mutation directly to 
a gene encoding the enzyme Is also used. Various methods have so far been known. Among them, a method wherein 
targeted enzyme activity is inactivated by disrupting the gene encoding the enzyme by incorporating a vector containing 
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a 5'- and 3*-terminals incomplete gene into the homologous region on chromosome and a method wherein DNA con- 
taining a gene that has lost its function by entire or partial deletion » substitution or insertion of the gene is used and 
the gene encoding the enzyme is disrupted by transferring the deletion, substitution or insertion on the chromosome 
to cause the targeted enzyme activity to become defective are known for their readiness and frequent use. 

5 [001 6] For the Introduction of site-directed mutation into photosynthetic bacteria including R . sphaeroides , a method 
wherein a targeted gene is disrupted by conjugational transfer using a specific Escherichia coli and a vector Is loiown. 
However, this method Involves difficulties In that only limited vectors can be used and the separation process between 
Escherichia coli and a photosynthetic bacterium after conjugation is complicated. Construction of a site-directed ho- 
mologous recombinant technique that Is widely applicable regardless the kind of vectors is desired. 

10 [001 7] Another effective means to fonn and accumulate a specific substance using microorganisms Is to strengthen 
the expression of an enzyme gene on the biosynthetic pathway. 

[0018] In the case of ubiquinones, p-hydroxybenzolc add biosynthesized via chorismte acid that Is blosyntheslzed 
through the shiklmic acid pathway is the starting substrate for the quinone skeleton portion. On the other hand, the 
starting substrate for the poiyprenyl side chain portion Is polyprenyl diphosphate formed by condensation of a plurality 
15 of IPP blosyntheslzed through the mevalonic acid pathway or through the recently clarified non-mevalonic acid pathway 
[Blochem. J. , 295, 517 (1 993)]. p-Hydroxybenzolc acid and polyprenyl diphosphate are converted to 4-hydroxy-3-poly- 
prenylbenzolc acid by the action of p-hydroxybenzolc acld-polyprenyltransferase (EC.2.5.1 .39), which undergoes var- 
ious modifications to be converted to ubiquinone. 

[0019] These enzymes on the biosynthetic pathways and their genes have been mostly identified In Escherichia coli 
20 and yeasts. Although the whole aspect of these genes have not yet been elucidated, several examples showing an 
increased accumulation of ubiquinone by strengthening the expression of enzyme genes on the biosynthetic pathway 
of ubiquinone are known. For example, Zhu et al. showed that the amount of ubiquinone accumulation increased by 
linking various enzyme genes of ubiquinone biosynthesis derived from Escherichia coli downstream to lac promoter 
and highly expressing them in Escherichia coli [J. Fermentation and Bioeriglneering, 79, 493 (1 995)]. Also, Kawamukai 
25 et al. showed an improved productivity of ublquinone-10 by introducing ubIA and ubiC derived from Escherichia coli 
Into a photosynthetic bacterium, R. capsulatus . and carrying out culturing unaerobically (Japanese Published Unex- 
amined Patent Application No. 107789/96)]. 

[0020] However, where the rate limiting step is In the biosynthesis of ubiquinone and what control does it undergo 
are yet to be elucidated. 

30 [0021] To strengthen the biosynthetic system of ubiquinone In photosynthetic bacteria, it is considered to be most 
suitable to use enzyme genes of photosynthetic bacteria themselves. However, almost no enzyme gene that partici- 
pates In the biosynthesis of ubiquinone is known with photosynthetb bacteria. 

[0022] In order to strengthen the biosynthetic system of ubiquinone In photosynthetic bacteria, it is important to 
specify the rate limiting step on the biosynthetic pathway, isolate genes on the biosynthetic pathway of ubiquinone 
35 including the gene involved in the rate limiting step, and detennlne the nucleotide sequence of and around the genes. 

Disclosure of the Invention 

[0023] An object of the present invention Is to provide an industrially useful process for producing ubiquinone-10 
^ which Is useful for Improving conditions of heart disease and as a substance having an antioxidative function, DNA 
and polypeptides useful for the production process, microorganisms useful for the production, expression of genes In 
the microorganisms, and a process for breeding the microorganisms. 

[0024] The present inventors made an intensive Investigation into Industrially useful processes for the production of 
ublquinone-lb. As a result, they have found genes involved In the improvement of ubiquinone-1 0 biosynthesis in mi- 
croorganlsms belonging to photosynthetic bacteria. The present invention has been completed on the basis of this 
result. 

[0025] The present Invention relates to the following (1)'(41). 

(1) A process for producing ublquinone-10 which comprises culturing, In a medium, a microorganism having the 
so ability to fomn ublquinone-1 0 and having one or more properties selected from the group consisting of the property 

wherein geranylgeranyltransferase activity is reduced or defective, the property wherein decaprenyldiphos-phate 
synthetase activity is strengthened, and the property wherein p-hydroxybenzok: acid-decaprenyl-transf erase ac- 
tivity is strengthened, allowing ubiqulnone-10 to fomn and accumulate in acutture, and recovering the ubiquinone- 
10 from the culture. 

S5 (2) The process according to the above (1), wherein the property wherein geranylgeranyltransferase activity is 

reduced or defective Is a property obtained by Introducing DNA comprising a nucleotide sequence wherein one 
or more nucleotide residues have been deleted, substituted or added in the nucleotide sequence of DNA encoding 
geranylgeranyltransferase, and encoding a polypeptide wherein geranylgeranyltransferase activity is reduced or 
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defective Into a microorganism having the ability to form ubiquinone-10. 

Deletion, substitution or addition of a nucleotide residue referred to in the present specification can be carried 
out by site-directed mutagenesis which is a technique known prior to the present application. More particulariy, 
they can be perfomned In accordance with methods described In Molecular Cloning, A Laboratory Manual, Second 

5 Edition (Edited by: Sambrook, Fritsch and Manlatis), Cold Spring HariDor Laboratory Press (1989) (hereinafter 

referred to as Molecular Cloning, Second Edition); Current Protocols in Molecular Biology, John Wiley & Sons 
(1987-1 997) (hereinafter referred to as Current Protocols In Molecular Biology); Nucleic Acids Research, 10, 6487 
(1982); Proc. Natl. Acad. Scl. USA, 79, 6409 (1982); Gene, 34, 315 (1985); Nucleic Acids Research, 13, 4431 
(1985); Proc. Natl. Acad. Scl. USA, 82. 488 (1985); etc. 

10 (3) The process according to the above (2), wherein the DNA encoding geranylgeranyltransferase Is DNA encoding 

geranylgeranyltransferase derived from Rhodobacter sphaeroldes . 

(4) The process according to the above (2), wherein the DNA encoding geranylgeranyltransferase Is DNA com- 
prising the nucleotide sequence shown In SEQ ID NO: 6. 

(5) The process according to the above (1 ), wherein the properly wherein decaprenyldiphosphate synthetase ac- 
is tivity is strengthened is a property which is obtained by Introducing DNA encoding decaprenyldiphosphate syn- 
thetase Into a microorganism having the ability to fonm ubiqulnone-10. 

(6) The process according to the above (5), wherein the DNA encoding decaprenyldiphosphate synthetase is DNA 
encoding decaprenyldiphosphate synthetase derived from Rhodobacter sphaeroldes . 

(7) The process according to the above (5), wherein the DNA encoding decaprenyldiphosphate synthetase Is DNA 
20 encoding a polypeptide selected from the following (a), (b) and (c): 

(a) a polypeptide comprising the amino acid sequence shown in SEQ ID NO: 2, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having 

25 decaprenyldiphosphate synthetase activity, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
quence shown In SEQ ID NO: 2 and having decaprenyldiphosphate synthetase activity. 

As In the case of deletion, substitution or addition of nucleotide residues described above, deletion, substitution 
30 or addition of amino acid residues referred to herein can be carried out by site-directed mutagenesis which is a 

technique known prior to the present application. The number of amino acid residues which are deleted, substituted 
or added is not specifically limited, but Is preferably within the range of one to several decades, more preferably 
one to several. 

In order for the above decaprenyldiphosphate synthetase to maintain the enzyme activity, It is preferable that 
35 the homology possessed by the amino acid sequence of the polypeptide is at least 60%, generally 80%, and 

preferably 95% or more. 

Homology referred to herein can be calculated using a homology analyzing program such as BLAST [J. Mol. 
Biol., 215. 403 (1990)], PASTA [Methods Enzymol., 183, 63 (1990)1, etc. 

(8) The process according to the above (5), wherein the DNA encoding decaprenyldiphosphate synthetase Is DNA 
^0 of the following (a) or (b): » 

(a) DNA comprising the nucleotide sequence shown in SEQ ID NO: 1 , or 

(b) DNA which hybridizes to the DNA of the above (a) under stringent conditions and which encodes a polypep- 
tide having decaprenyldiphosphate synthetase activity. 

45 

The description "DNA which hybridizes under stringent conditions" as used herein refers to DNA which is 
obtained by colony hybridization, plaque hybridization or Southern blot hybridization using the DNA of the present 
invention or a fragment thereof as a probe. Such DNA can be identified, for example, by performing hybridization 
at 65*C in the presence of 0.7-1 .0 mol/l NaCI using a filter with colony- or plaque-derived DNA or a fragment thereof 
so Immobilized thereon and then washing the filter at 65"C using 0.1 to 2-fold concentrated SSC solution (1-fold 

concentrated SSC solution: 1 50 mmol/l sodium chloride and 15 mmol/i sodium citrate). 

IHybridlzatton can be carried out according to the method described in Molecular Cloning. Second Edition. The 
hybridlzabie DNA of the above DNA is, for example, DNA having at least 70% homology, preferably 90% or more 
homology to the nucleotide sequence shown In SEQ ID NO: 1 . 

(9) The process according to the above (1 ), wherein the property wherein p-hydroxybenzolc add-decapreny ttrans- 
f erase activity is strengthened Is a property which is obtained by Introducing DNA encoding p-hydroxybenzok5 
acld-decaprenyltransferase Into a microorganism having the ability to form ubiqulnone-10. 

(10) The process according to the above (9), wherein the DNA encoding p-hydroxybenzoic add-decaprenyltrans- 
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ferase is ONA encoding p-hydroxybenzoic acid-decaprenyltransf erase derived from Rhodobacter sphaeroides . 

(11) The process according to the above (9), wherein the DNA encoding p-hydroxybenzoic acid-decaprenyltrans- 
ferase is DNA encoding a polypeptide selected from the following (a), (b) and (c): 

(a) a polypeptide comprising the amino acid sequence shown in SEQ ID NO: 4, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having p- 
hydroxybenzoic acld-decaprenyltransf erase activity, and 

(c) a polypeptide comprising an amino acid sequence havlng at least 60% homology to the amino acid se- 
quence shown In SEQ ID NO: 4 and having p-hydroxybenzoic acld-decaprenyltransf erase activity. 

In order for the above polypeptide having p-hydroxybenzoic acld-decaprenyltransferase activity to maintain 
the activity of the polypeptide, it is preferred that the homology possessed by the amino acid sequence of the 
polypeptide is at least 60%, generally 80%, and particularly 95% or more. 

(12) The process according to the above (9), wherein the DNA encoding p-hydroxybenzoic acid-decaprenyitrans- 
ferase Is DNA of the following (a) or (b): 

(a) DNA comprising the nucleotide sequence shown in SEQ ID NO: 3, or 

(b) DNA which hybridizes to the DNA of the above (a) under stringent conditions and which encodes a polypep- 
tide having p-hydroxybenzoic acid-decaprenyltransferase activity. 

The hybridizable DNA of the above DNA is, for example, DNA having at least 70% homology, preferably 90% 
or more homology to the nucleotide sequence shown in SEQ ID NO: 3. 

(13) The process according to any of the above (1), (2), (5) or (9), wherein the microorganism having the ability 
to form ubiquinone-10 is selected from the group consisting of microorganisms belonging to the genus Aqrobac- 
terium , microorganisms belonging to the genus Paracoccus . and microorganisms belonging to photosynthetic bac- 
teria. 

(14) The process according to the above (13), wherein the microorganisms belonging to photosynthetic bacteria 
are microorganisms selected from the group consisting of microorganisms belonging to the genus Rhodobacter , 
the genus Rhodomlcfobium , the genus Rhodoplla , the genus Rhodospiriilum . or the genus Rhodopseudomonas . 

(15) The process according to the above (14), wherein the microorganisms belonging to the genus Rhodobacter 
are microorganisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 

(16) The process according to any of the above (2), (5) and (9), wherein introduction. of the DNA Into a host mi- 
croorganism belonging to the genus Rhodobacter carried out by electroporation. 

(17) Decaprenyldlphosphate synthetase which Is derived from Rhodobacter sphaeroides . 

(18) A polypeptide selected from the following (a), (b), and (c): 

(a) a polypeptide comprlstng the amino acid sequence shown in SEQ ID NO: 2, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having 
decaprenyldlphosphate synthetase activity, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
quence shown in SEQ ID NO: 2 and having decaprenyldlphosphate synthetase activity. 

(19) p-Hydroxybenzoic acid-decaprenyltransferase which is derived from Rhodobacter sphaeroides . 

(20) A polypeptide selected from the following (a), (b) and (c): 

(a) ~a' polypeptide comprising the amino acid sequence shown in SEQ ID NO: 4, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having p- 
hydroxybenzbic acid-decaprenyltransferase acth^, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
quence shown In SEQ ID NO: 4 and having p-hydroxybenzoic acid-decaprenyltransferase activity. 

(21 ) Df^ selected from the following (a), (b) and (c): 

(a) DNA which encodes the polypeptide of the above (17) or (18), 

(b) DNA comprising the nucleotide sequence shown in SEQ ID NO: 1 . and 
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(c) DNA which hybridizes to the DNA of the above (a) or (b) under stringent conditions and which encodes a 
polypeptide having decaprenyldiphosphate synthetase activity. 

(22) DNA selected from the following (a), (b) and (c): 

5 

(a) DNA which encodes the polypeptide of the above (19) or (20), 

(b) DNA comprising the nucleotide sequence shown in SEQ ID NO: 3, and 

(c) DNA which hybridizes to the DNA of the above (a) or (b) under stringent conditions and which encodes a 
polypeptide having p-hydroxybenzoic acid-decaprenyltransferase activity. 

10 

(23) Recombinant DNA which Is obtained by inserting the DNA of the above (21) or (22) into a vector 

(24) The recombinant DNA according to the above (23). wherein the DNA is Inserted downstream to DNA com- 
prising a nucleotide sequence of a promoter which is present In a ribosomal RNA gene. 

(25) The recombinant DNA according to the above (24), wherein the ribosomal RNA gene is a ribosomal RNA 
^5 gene which is derived from a microorganism belonging to the genus Rhodobacter. 

(26) The recombinant DNA according to the above (24), wherein the DNA which comprises a nucleotide sequence 
of a promoter is DNA comprising the nucleotide sequence shown in SEQ ID NO: 5. 

(27) A transfomnant which carries the recombinant DNA according to any one of the above (23) to (26). 

(28) The transfonnant according to the above (27), wherein the transfomnant is a microorganism having the ability 
so to form ubiquinone-10. 

(29) The transformant according to the above (28), wherein the microorganism having the ability to form ubiquinone- 
1 0 is a microorganism selected from the group consisting of microorganisms belonging to the genus Agrobacterium . 
microorganisms belonging to the genus Paracoccus , and microorganisms belonging to photosynthetic bacteria. 

(30) The transformant according to the above (29), wherein the microorganisms belonging to photosynthetic bac- 
25 teria are microorganisms selected from the group consisting of microorganisms belonging to the genus Rhodo- 
bacter . the genus Rhodomicroblum . the genus Rhodoplla , the genus Rhodospirilium . and the genus Rhodopseu- 
domonas . 

(31) The transformant according to the above (30), wherein the microorganisms belonging to the genus Rhodo- 
bacter are microorganisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 

30 (32) A process for producing unlquinone-10, which comprising culturing the transfonnant according to any one of 

the above (27) to (31) in a medium, allowing ubiquinone-10 to fomi and accumulate in the culture, and recovering 
the ubiquinone-1 0 from the culture. 

(33) A process for expressing DNA encoding a polypeptide of interest, which comprises Inserting DNA encoding 
the polypeptide downstream to DNA which comprises a nucleotide sequence of a pronrrater which is present in a 

35 ribosomal RNA gene. 

(34) The process for expressing a gene according to the above (33), wherein the ribosomal RNA gene is a ribosomal 
RNA gene which is derived from a microorganism belonging to the genus Rhodobacter . 

(35) The process for expressing a gene according to the above (34), wherein the DNA which comprises a nucleotide 
sequence of a promoter is DNA* having the nucleotide sequence shown in SEQ ID NO: 5. 

40 (36) The process for expressing a gene according to any one of the above (33) to (35), wherein the expression is 

effected In a microorganism having the ability to forni ubiquinone-10. 

(37) A process for constructing a mutant of a microorganism having the ability to fonm ubiquinone- 10, which conv 
prises introducing DNA having a nucleotide sequence wherein one or more nucleotide residues have been deleted, 
substituted or added in the nucleotide sequence of DNA encoding a polypeptide derived from a microorganism 

45 having the ability to form ubiquinone-10 and encoding a polypeptide of which the polypeptide activity has been 

altered, into a microorganism having the ability to form ubiquinone-10 by electropo ration. 

(38) The process according to the above (37), wherein the DNA encoding a polypeptide derived from a microor- 
ganism having the ability to form ubiquinone-1 0 is DNA comprising the nucleotide sequence shown In SEQ ID NO: 
6. 

50 (39) The process according to any one of the above (36) to (38), wherein the microorganism having the ability to 

form ubiquinone-10 is a microorganism selected from the group consisting of microorganisms belonging to the 
genus Agrobacterium . microorganisms belonging to the genus Paracoccus , and microorganisms belonging to pho- 
tosynthetic bacteria. 

(40) The process according to the above (39), wherein the microorganisms belonging to photosynthetic bacteria 
55 are microorganisnns selected from the group consisting of microorganisms belonging to the genus Rhodobacter . 

the genus Rhodomicroblum . the genus Rhodoplla , the genus Rhodospirilium . or the genus Rhodopseudomonas . 

(41) The process according to the above (40), wherein the microorganisms belonging to the genus Rhodobacter 
are microorganisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 
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[0026] The present invention is described in detail below. 

[1] Construction of a microorganism in winich geranylgeranyltransf erase (crtE) activity is reduced or defective 
[0027] For the construction of a microorganism in which crtE activity is reduced or defective according to the present 
invention, any microorganisms having the ability to fomn ubiquin6ne-10 can be used. For example, microorganisms 
5 belonging to the genus Agrobacterium or Paracoccus . and those belonging to photosynthetic bacteria may be used. 
[0028] Examples of suitable microorganisms belonging to photosynthetic bacteria are those belonging to the genus 
Rhodobacter , Rhodomicroblum , Rhodopila , Rhodosplrillum . or Rhodopseudomonas . specifically. Rhodobactersphaer- 
oides and Rhodobacter capsulatus . and more specifically, R. sphaeroides ATCC1 7023 and R. sphaeroldes PERM BP- 
4675. 

10 [0029] Construc^on of a microorganism having the ability to fonn ubiquinone-1 0 In which crtE activity |s reduced or 
defective Is carried out by a method wherein a microorganism having the ability to form ubiquinone-10 is subjected to 
a mutagenic treatment according to a conventional method using radiation such as ultraviolet rays, X-rays and y-rays 
or chemicals such as sodium nitrite, nitrosoguanldine, and ethylmethyl sulfonate and strains in which crtE activity Is 
reduced or defective are selected from the strains whose colonies show color change when grown on an agar medium. 

15 [0030] For example, while wild-type strains form red colonies due to accumulation of carotenold, the color tone of 
colonies formed by the above mutants Is variable showing pink, yellow or light violet depending on the site the gene 
Is deleted, therefore, the targeted mutants can be selected based on the color tone of the colonies. 
[0031] The targeted strains can also be obtained using a method of Introducing mutation directiy Into a gene encoding 
crtE using genetic engineering techniques. 

20 [0032] The method for obtaining the targeted strains by introducing mutation directly Into the gene encoding crtE 
using genetic engineering techniques is explained In detail below. 

(1 ) Extraction of chromosomal DNA from a microorganism having the ability to fomn ublquinone-1 0 

[0033] Chromosomal DNA can be extracted from a microorganism having the ability to fonm ubiquinone-10, for ex- 
ample, according to the method described in Molecular and General Genetics, 213 , 78-83 (1988) or in Nucleic Acids 
25 Res., 18, 7267(1990). 

(2) Isolation of a DNA fragment containing the crtE gene derived from a microorganism having the ability to form 
ubiquinone-10 

[0034] The nucleotide sequence of an enzyme gene cluster participating in carotenold biosynthesis containing crtE 
of R. sphaeroides has already been published [J. Bacteriology, 177 , 2064-2073 (1 995)]. Primer DNA is prepared based 

30 on the nucleotide sequence Infonmation by, for example, using a DNA synthesizer. 

[0035] Using the primer DNA, any DNA fragment containing crtE can be isolated according to PCR using chromo- 
somal DNA derived from the microorganism having the ability to form ubiquinone-1 0 obtained In (1 ) above as a template. 
[0036] . An example of the sense primer to be used for PCR is the sequence shown In SEQ ID NO: 7 and that of the 
antlsense primer is the sequence shown in SEQ ID NO: 8. By the combination of these primers, In addition to ORF 

3S encoding crtE, full length of the crtE gene containing upstream and downstream regions of crtE can be amplified. 

[0037] As the DNA polymerase to be used for PCR, commercially available enzymes, for example, Takara Taq DNA 
polymerase (Takara Shuzo Co.. Ltd.), TaKaRa LA-PCR™ Kit Ver.2 (Takara Shuzo Co., Ltd.) and Expand^" High-Fldellty 
PCR System (Boehringer Mannheim) can be used, while Takara PCR thenmal cycler 480 (Takara Shuzo Co., Ltd.) can 
be used for carrying out PCR. 

40 [0038] PCR Is carried out, for example, by 30 cycles, one cycle consisting of reaction»at 94**C for 30 seconds, reaction 
at SS^'C for 30 seconds to one minute and reaction at 72''C for 2 minutes where DNA fragments of 2kb or less are 
amplified, and of reaction at 98**C for 20 seconds and reaction at 6B''C for 3 minute where DNA fragments over 2kb 
are amplified, respectively, followed by reaction at 72^ C for 7 minutes. 

[0039] The resulting amplified DNA fragment is separated and isolated by agarose gel electrophoresis or other tech- 
4s niques. 

[0040] The amplified DNA fragment separated and isolated is extracted and purified from agarose gel using, for 
example, Mermaid kit (Bio 101 Inc. CA., USA). 

[0041] The purified DNA is linked to a suitable vector, for example, pCR2. 1 (Invitrogen) using, for example, TA cloning 
kit (Invitrogen). 

so [0042] The DNA can also be linked to a suitable vector that is repllcable in Escherichia coil according to the following 
method. 

[0043] The amplified DNA fragment obtained above, and a suitable vector replteable In Escherichia coli are deaved 
with restriction enzymes that recognize the restriction enzyme sites provided by the above primers. The resulting 
cleaved DNA fragments are fractionated and recovered by agarose gel electrophoresis, respectively. The DNA frag- 
ss ments with both ends cleaved are linked according to a conventional method. 

[0044] An appropriate host, Escherichia coli . for example. INVaP (Invitrogen) and DH5a (Toyobo Co.. Ltd.). is trans- 
formed with the plasmid obtained by linking to the vector according to the above method. 

[0045] Transformants-can be selected by spreading.the cells on agar medium containing a drug to which a drug 
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resistance gene carried by the vector is resistant, for example, LB agar medium containing 100 jig/ml ampicillin, and 
culturing overnight at 37*C. 

[0046] Plasmid containing targeted DNA is obtained from the transformant strains thus obtained, for example, by 
the method described In Molecular Cloning, Second Edition. 
5 [0047] The nucleotide sequence of the PCR-amplrfied fragment region contained in the obtained plasmid can be 
detemnined using, for example. DyeTemninator Cycle Sequencing FS Ready Reaction Kit (Perkin-Elmer Japan) and 
373A Sequencer (Perkin-Elmer Japan). 

[0048] It Is possible to confimn that the amplified sequence contains ctrE by comparing the nucleotide sequence of 

the amplified sequence with infomiation on the known sequence. 
10 (3) Preparation of a microorganism having the ability to forni ubiquinone-10 in which crtE activity is reduced or defective 

[0049] l^lcroorganisms having the ability to forni ubiqunone-1 0 In which crtE activity is reduced or defective can be 

obtained based on the DNA encoding crtE obtained according to (2) above or Infomnatlon on its nucleotide sequence. 

[0050] Reduction or defectiveness of crtE activity In photosynthetic bacteria can be achieved by causing the crlE 

gene present on chromosomal DNA to undergo entire or partial deletion, substitution or addition mutation. It can also 
IS be caused by suppressing the expression of the crtE gene! 

[0051] In causing entire or partial deletion, substitution or addition mutation In the crtE gene present on chromosome, 

any methods usually used for introducing mutation can be used. 

[0052] For example, the following methods (a) and (b) can be used. 

20 (a) A method wherein circular DNA containing DNA in which 5'- and 3'-tennina!s of the crtE gene are deleted is 

introduced into the targeted strain and recombination is allowed to be effected between the introduced DNA and 
a homologous region on the corresponding chromosomal DNA, thereby causing the gene on the chromosome to 
be incomplete. 

25 [0053] In this method, deletion of 5'- and 3'-tenminals may be any kind so long as crtE activity of the strain that have 
undergone recombination decreases or become defective. Instead of deletion of a 5'*teminal, it is also possible to use 
deletion of the region that is necessary for the transcription of the gene or of the region that Is necessary for the 
translation of the crtE protein. 

[0054] Preferred circular DNA Is one that contains a marker gene, such as a drug resistance gene to facilitate se- 
30 lection of recombinant strains, and, at the same time, is incapable of self amplification in the strain into which it is 
introduced to suppress the expression of the marker gene in strains other than recombinant strains or becomes non- 
replicable under certain conditions as in the case of plasmid having a temperature sensitive replication region. The 
circular DNA may have replicability in strains other than the strain into which it is to be Introduced. 
1 . A method wherein DNA containing a mutated gene in which entire or partial deletion, substitution or addition mutation 
35 has been caused to the crtE gene is introduced Into the targeted strain and recombination is allowed to be effected 
between the region encompassing the two sites of the deletion, substitution or addition mutation and the corresponding 
homologous region on chromosome, thereby introducing the deletion, substitution or addition into a gene on chromo- 
some. 

[0055] In this method, the deletion, substitution or addition mutation carried by the mutated gene to be Introduced 
40 may be any kind so long as the mutation causes crtE activity of the strain in which such*mutatlon Is Introduced into the 
gene on Its chromosome to be reduced or become defective. 

[0056] DNA in which the deletion, substitution or addition Is Introduced Into the region necessary for the replication 

of the gene or the region necessary for the translation of the crtE protein can also be used so long as the mutation 
. causes crtE activity of the strain in which such mutation is introduced into the gene on its chromosome to be reduced 

' 45 or become defective. 

[0057] It is preferred, also in this method, to use circular DNA containing the above DNA and having the properties 

described in the above (a) to facilitate selection of recombinant strains. 

[0058] Introduction of a DNA fragment Into photosynthetic bacteria can be performed by a method of conjugational 
transfer, for example, according to the methods described in Bio/Tech nology. 1^, 784-791 (1983), and Gene, 118 , 
so 1 45-1 46 (1 992). It is also possible to use electroporatlon that can be earned out using commercially available apparatus, 
for example. Gene Pulser II (Biorad). 

[0059] The strains In which crtE activity is reduced or defective can be selected using, as a maricer, a drug resistance 
expressed by a drug resistance gene that is simultaneously Incorporated Into chromosome. Furthemiore, the targeted 
strains can be obtained by selecting the strains whose colonies show color change due to reduction or defectiveness 
ss of the ability to synthesize carotenoid. 

[0060] It is possible to confimn that the mutation is introduced into the crtE gene by introducing the normal crtE gene 
isolated in (2) above Into the above strains in which crtE activity is reduced or deleted and checking whether or not the 
ability to biosynthesize carotenoid Is recovered. 
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[2] Cloning of the decaprenyldiphosphate synthetase gene derived from a microorganisnn having the ability to form 
ubiquinone-10 

DNA encoding decaprenyldiphosphate synthetase of the present invention can be obtained from the microor- 
ganisms having the ability to fomri ubiquinone*10 described in [1] above according to the following method. 
5 (1) Isolation of a partial fragment of the decaprenyldiphosphate synthetase gene 

DNA containing a partial fragment of the decaprenyldiphosphate synthetase gene derived from the microorgan- 
ism having the ability to fomn ublquinone-1 0 can be obtained by selecting two or more regions having a high homology 
in known amino acid sequences of the poiyprenyidiphosphate synthetase gene and carrying out PGR. using an ollgo- 
deoxynucleotlde containing a nucleotide sequence encoding the selected amino acid sequence as a sense primer, an 
10 oligodeoxynucleotide containing a sequence complementary to a nucleotide sequence encoding the selected amino 
acid sequence as an antisense primer, and chromosomal DNA of the microorganism as a template. 
[0061] Examples of known sequences of the poiyprenyidiphosphate synthetase gene are those derived from Bacillus 
subtilis . Bacillus stearothemiophllus , Escherichia coll , Gluconobacter suboxydans . Haemophilus influenzae , Herico- 
bacter pylori , Rhodobacter capsulatus , Saccharomyces serevisiae . Schlzosaccharomyces pombe and Synechocystis 
. IS sp. PCC6803. These sequences are available from the data bases of public organizations, for example, GenBank. 

[0062] An example of the sense primerto be used for PGR is the sequence shown in SEQ ID NO: 9 and an example 
of the anti-sense primer is the sequence shown In SEQ ID NO: 10. These ollgodeoxy nucleotides can be synthesized 
using a DNA synthesizer generally used. 

[0063] As the DNA polymerase to be used for PGR, commercially available enzymes, for example, Takara Taq DNA 
20 polymerase (Tafcara Shuzo Co. , Ltd.) can be used, while Takara PGR thermal cycler 480 (Takara Shuzo Co., Ltd.), etc. 
can be used for carrying out PCR. 

[0064] PGR is carried out, for example, by 5 cycles, one cycle consisting of reaction at 94**C for 45 seconds, reaction 
at 35**C for 45 seconds, and reaction at 72**C for one minute, followed by 30 cycles, one cycle consisting of reaction 
at 94'*C for 45 seconds, reaction at 45**C for 45 seconds, and reaction at 72*C for one minute. 
25 [0065] Isolation, and purification of amplified DNA fragments, linking thereof to a suitable vector, transformation with 
a recombinant DNA obtained by such linking and preparation of transformants, preparation of plasmid DNA containing 
targeted DNA from the obtained transformant strains, and determination of the nucleotide sequence of a PCR amplified 
fragment region contained in the obtained plasmid DNA can be candied out in accordance with the methods described 
In [1] above, 

30 [0066] It is possible to confirm that the amplified sequence contains the poiyprenyidiphosphate synthetase gene by 

comparing the nucleotide sequence of the amplified sequence with Infomiation on known sequences. 

(2) isolation of the full length gene using a partial fragment of the poiyprenyidiphosphate synthetase gene 

A DNA fragment containing the entire decaprenyldiphosphate synthetase gene derived from the microorganism 

having the ability to fomn ubiquinone-1 0 can be Isolated from a genome library derived from the microorganism having 
35 the ability to form ublquinone-10 using DNA having a partial sequence of the gene according to, for example, the 

following method. 

[0067] Chromosomal DNA derived froni the microorganism having the ability to form ubiqulnone-l 0 is subjected to 
extraction In accordance with the method described in [1 ](1 ) above and then to partial digestion with a suitable restriction 
enzyme such as Sau 3AI. The resulting digested DNA fragment is fractionated using a conventional method such as 

40 sucrose density gradient ultracentrifugation. * 

[0068] 30 to 40 kb DNA fragments obtained by the fractionation are linked to a cosmid vector, for example, SuperCosI, 
whk;h has been digested with a suitable restrtetion enzyme such as Bam Hi, for packaging In X phage. 
[0069] Using the thus prepared recombinant phage, a chromosomal DNA library is prepared by transformation of a 
suitable host cell, for example, Escherichia coli DHSa according to a conventional method (for example, the method 

45 described in Molecular Cloning, Second Edition) and obtaining transformants. 

[0070] The transformants can be selected by spreading the cells on an agar medium containing a drug to which a 
drug resistance gene carried by the vector is resistant, for example, LB agar medium containing 1 00 iig/hil ampiciiiin, 
and culturing overnight at 37"C. 

[0071] Of cosmlds whteh the transformants contain, the cosmid having a DNA fragment containing the entire deca- 
so prenyldlphosphate synthetase gene derived from the microorganism having the ability to fonri ubiquinone-10 can be 
confirmed by Southern hybridization using the following DNA as a probe. 

[0072] DNA to be used as the probe can be prepared using DNAs containing the entire or a part of the nucleotide 
sequence detemnined in [2](1) above and DIG Oligonucleotide Tailing Kit (Boehringer Mannheim). The targeted DNA 
can be detected using the probe and DIG DNA Detection Kit (Boehringer Mannheim). 
ss [0073] It is also possible to conflnm the cosmid which contains a DNA fragment containing the entire decaprenyldi- 
phosphate synthetase gene by the presence of the amplified fragment on the basis of PGR using the cosmid extracted 
from the transfonmant obtained above as a template, and a sense primer and an anti-sense primer designed -based 
on a partial sequence of the decaprenyldiphosphate synthetase gene previously determined. 
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[0074] A DNA fragment containing the decaprenytdiphosphate syntlietase gene can be isolated and recovered by 
agarose gel electrophoresis after digestion of the cosmid containing the DNA fragment with a restriction enzyme. 
[0075] The size of the DNA fragment containing the decaprenytdiphosphate synthetase gene can be determined* 
for example, by digesting DNA containing the gene with a suitable restriction enzyme according to a conventional 
5 method, for example, the method described In Molecular Cloning, Second Edition, followed by fractionation by agarose 
gel electrophoresis, and transfer and immobilization on a suitable membrane and carrying out Southem hybridization 
using the above DIG-labeled DNA fragment as a probe. 

[0076] The DNA recovered from agarose gel can be purified, for example, by using Geneclean II kit (Bio 101 Inc., 
CA, USA). 

10 [0077] The purified DNA is linl<ed to a suitable vector which has been digested with a restriction enzyme using, for 
example. Ligation kit Ver. 2 (Takara Shuzo Co., Ltd.) to prepare recombinant DNA. Using the recombinant DNA, trans- 
fomnants containing the recombinant DNA can be obtained by transfomnation of Escherichia coli , for example, E. coll 
DH5a. Plasmid DNA carried by the transfonnants can be extracted according to a conventional method. 
[0078] II necessary, plasmid DNA containing a DNA fragment derived from restriction enzyme-digested plasmid DNA 

15 can be obtained by digesting the plasmid DNA with a suitable restriction enzyme according to a conventional method, 
for example, the method described in Molecular Cloning, Second Edition and linking the obtained restriction enzyme 
fragments to a suitable vector after fractionation and purification. 

[0079] The nucleotide sequence of the entire or a part of the resulting plasmid DNA can be determined using Dye- 
Terminator Cycle Sequencing FS Ready Reaction Kit (Perkin-Elmer Japan) and373A Sequencer (Perkln-Elmer Japan). 
20 [0080] Based on the detennined nucleotide sequence information, ORF and the amino acid sequence encoded 
thereby can be detemnlned using a commercially available nucleotide sequence analyzing software, for example. Gene- 
tyx Mac (Software Development). 

[0081 ] It is possible to confirm that the DNA encodes targeted decaprenytdiphosphate synthetase by comparing the 
determined amino acid sequence with the known amino acid sequence of decaprenytdiphosphate synthetase. 
25 [0082] An exEimple of DNA encoding decaprenyldiphosphate synthetase obtained according to the above method 
is DNA having the nucleotide sequence shown In SEQ ID NO: 1 which encodes a polypeptide having the amino acid 
sequence shown In SEQ ID NO: 2. 

[0083] In addition to the DNA obtained above, the DNA according to the present invention also includes DNA which 
hybridizes to DNA consisting of the nucleotide sequence shown In SEQ ID NO: 1 under stringent conditions and which 

30 encodes a polypeptide having decaprenyldiphosphate synthetase activity. 

[3] Cloning of DNA encoding p-hydroxybenzoic acid-decaprenyitransferase derived from a microorganism having the 
ability to form ubiquinone-1 0 

DNA encoding p-hydroxybenzoic acid-decaprenyltransf erase of the present invention can be obtained from the 
microorganisms having the ability to form ubiquinone-1 0 described in [1] above using Escherichia coli in which p- 

35 hydroxybenzolc acid-octaprenyltransf erase (ubiA) is defective (hereinafter referred to as ubiA-defective strain) accord- 
ing to the following method. 

[0084] Chromosomal DNA derived from the microorganism having the ability to fomn ubiquinone-1 0 Is extracted In 
accordance with the method described In [1 ](1 ) above and then partially digested with an appropriate restriction enzyme 
such as Sau SAL The resulting digested DNA fragments are fractionated using a conventional method such as sucrose 

40 density gradient ultracentrifugation. 

[0085] 2 to 8 kb DNA fragments obtained by the fractionation Is linked to a plasmid vector, for example, pUC19, 
whfch has been digested with an appropriate restriction enzyme such as Bam HI, to prepare recombinant DNA. 
[0086] Using the recombinant DNA, a chromosomal DNA library can be prepared by transformation of a suitable 
host cell, for example. Escherichia coli DH5a according to a conventional method (for example, the method described 

45 in Molecular Cloning, Second Edition) and obtaining transformants. 

[0087] The transfomnants can be selected by spreading the cells on an agar medium containing a drug to which a 
drug resistance gene carried by the vector Is resistant, for example. LB agar medium containing 100 }Lgfm\ ampiclllin, 
and culturing overnight at sy^C. 

[0088] Plasmids canied by the transformants Is extracted according to a conventional method and a ubtA-defective 

so strain is transformed with the plasmids. 

[0089] A ubIA-Defective strain Is available from National Institute of Genetics, a public organization for culture col- 
lection. A ublA-Defective strain Is viable using glucose as the sole carbon source, but is not viable when succinic acid 
Is the sole carbon source. Therefore, If plasmids extracted from the above transformants contains DNA encoding p- 
hydroxybenzolc acld-decaprenyttransf erase, a ubiA-defective strain Into which the plasmid is introduced becomes vl- 

S5 able on an agar medium containing succinte acid as the sole carbon source. A plasmid containing DNA encoding p- 
hydroxybenzoic acid- decapreny {transferase can be selected using this viability property as an index. 
[0090] From transfonnants of the ubi A-defective strain, which are viable on an agar medium containing succinic acid 
as the sole cariaon source, plasmid DNA carried by the transformants Is extracted and the nucleotide sequence of the 
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plasmid DNA is determined by a conventional nnethod using, for example, DyeTerminator Cycie Sequencing PS Ready 
Reaction Kit (Perkin-Elmer Japan) and 373A Sequencer (Perkin-Elmer Japan). 

[0091] ORF and the amino acid sequence encoded thereby can be determined from the detemnined nucleotide se- 
quence using a commercially available nucleotide sequence analyzing software, for example, Genetyx Mac (Software 
Development).' 

[0092] The DNA can be detemnined to encode targeted p-hydroxybenzoic acid-polyprenyltransferase by comparing 
the detenmined amino acid sequence with the Icnown amino acid sequence of p-hydroxybenzbic acld-polyprenyltrans- 
ferase. 

[0093] An example of the DNA encoding p-hydroxybenzoic acid-polyprenyltransferase obtained according to the 
ak>ove method is DNA having the nucleotide sequence shown in SEQ ID NO: 3 which encodes a polypeptide having 
the amino acid sequence shown in SEQ ID NO: 4. 

[0094] In addition to the DNA obtained above, the DNA according to the present invention also includes DNA that 
hybridizes to the DNA consisting of the nucleotide sequence shown In SEQ ID NO: 3 under stringent conditions and 
which encodes p-hydroxybenzolc acid-polyprenyltransferase. 

[4) Production of decaprenyldlphosphate synthetase or p-hydroxybenzolc add-decaprenyltransferase 
[0095] The polypeptide of the present invention can be produced by expressing DNA encoding decaprenyldlphos- 
phate synthetase or DNA encoding p-hydroxybenzoic acid-decaprenyltransferase in a host cell using the method de- 
scribed In fk/lolecular Cloning, Second Edition or Current Protocols In Molecular Biology according to, for example, the 
following method. 

[0096] On the basis of the full length DNA of the DNA encoding decaprenyldlphosphate synthetase or p-hydroxy- 
benzoic acid-decaprenyltransferase of the present invention, a DNA fragment of an appropriate length comprising a 
region encoding the polypeptide is prepared according to need. 

[0097] Furthermore, DNA useful for the efficient production of the polypeptide of the present invention can be pre- 
pared, as required, by replacing a nucleotide In the nucleotide sequence of the region encoding the polypeptide so as 
to make a codon most suitable for the expression in a host cell. 

[0098] The above DNA fragment or the full length gene is inserted downstream to a promoter region in an appropriate 
expression vector to construct recombinant DNA. 

[0099] The recombinant DNA is introduced Into a host ceil suited for the expression vector. 

[01 00] As the host cell, any bacterial cells, yeast cells, animal cells, insect cells, plant cells, etc. that are capable of 
expressing the targeted gene can be used. 

[01 01 ] The expression vectors that can be employed are those capable of autonomous replication or integration into 
chromosome in the above host cells and comprising a promoter at a position where the transcription of the DNA en- 
coding the polypeptide of the present invention is possible. 

[0102] When a procaryotic cell such as a bacterial cell is used as the host cell, It Is preferred that recombinant DNA 
comprising the DNA encoding the polypeptide of the present Invention is capable of autonomous replication in the 
procaryotic cell and, at the same time, Is a vector which comprises a promoter, a ribosome binding sequence, the DNA 
of the present invention, and a transcription temnination sequence. The vector may further comprise a gene regulating 
the promoter. 

[01 03] Examples of suitable expression vectors are pBTrp2, pBTad and pBTac2 (all available from Boehringer Man- 
nheim), pKK233-2 (Phamnacia), pSE280 (Invitrogen), pGEMEX-1 (Promega), pQE-8 (QIAGEN), pKYPIO (Japanese 
Published Unexamined Patent Application No. 110600/83), pKYP200 [Agric. Biol. Chem., 48, 669 (1984)), pLSA1 [Ag- 
ric. Biol. Chem., 53, 277 (1 989)], pGEL1 [Proc. Natl. Acad. Sci. USA, 82, 4306 (1985)], pBluescript II SK(-) (Stratagene). 
pTrs30 [prepared from Escherichia coll JM109/pTrS30 (PERM BP-5407)), pTrs32 (prepared from Escherichia coll 
JM109/pTrS32 (PERM BP-5408)]. pGHA2 (prepared from Escherichia coil IGHA2 (PERM B-400), Japanese Published 
Unexamined Patent Application No, 221091/85], pGKA2 [prepared from Escherichia coll \GKA2 (PERM BP-6798), 
Japanese Published Unexamined Patent Application No. 221 091/85], pTerm2 (US46861 91 , US4939094, US51 60735), 
pSupex. pUBIIO, pTP5, pC194, pEG400 [J. Bacterioi., 172, 2392 (1990)], pGEX (Phanmacia), and pET system (No- 
vagen). 

[0104] As the promoter, any promoters capable of functioning in host cells can be used. For example, promoters 
derived from Escherichia coll or phage, such as tr£ promoter (P^p), lac promoter, Pl promoter, Pp, promoter and T7 
promoter can be used. Artificially modified promoters such as a promoter in which two P^^ are combined in tandem 
(Pj^ X 2), teic promoter, lacT7 promoter and letl promoter, etc. can also be used. 

[01 05] In the case of the nrilcroorganisms having the ability to produce ublqulnone-1 0, It is preferred to use a promoter 
present In a ribosonial RNA gene. An example Is a promoter present in a ribosomal RNA gene derived from microor- 
ganisms of the genus Rhodobacter . specifically, a promoter comprising DNA containing of the nucleotide sequence 
shown In SEQ ID NO: 6. 

[01 06] It is preferred to use a plasmid In which the distance between the Shine-Dalgamo sequence (ribosome binding 
sequence) and the Initiation codon Is adjusted to an appropriate length (e.g., 6-18 bases). 
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[0107] In the case of the recombinant DNA of the present invention » the transcription termination sequence is not 
essential for the expression of the DNA of the invention, but it is preferred that the transcription temrilnation sequence 
lie immediatety downstream of the structural gene. 

[0108] Examples of suitable host ceils are cells of microorganisms belonging to the genera Escherichia , Serratia . 

5 Bacillus , Brevlbacterium . Corynebacterium , Microbacterium , Pseudomonas . etc., specifically, those of Escherichia coli 
XLI-BIue, Escherichia coli XL2-Biue, Escherichia coli DH1, Escherichia coli DH5a, Escherichia coli MC1000, Es- 
cherichia coli KY3276, Escherichia coli W1 485, Escherichia coll JM1 09, Escherichia coli HB1 01 , Escherichia coli No. 
49, Escherichia coli W31 1 0, Escherichia coli NY49, Escherichia coli GI69a, Escherichia coli TB1 , Escherichia coli 
M P347, Escherichia coli N M522 . Serratia ficaria . Serratia fonticola . Serratia liquefaciens . Serratia marcescens . Bacillus 

10 subtilis , Bacillus amvloliguefacines , Brevlbacterium ammoniaqenes . Brevibacterium immariophilum ATCC14068, 
Brevlbacterium saccharolyticum ATCC 14066, Brevibacterium flavum ATCC14067, Brevibacterium lactofermentum 
ATCC1 3869, Corynebacterium glutamicum ATCC1 3032, Corynebacterium glutamlcum ATCC1 4297, Corynebacterium 
acetoacidoph Hum ATCC 13870, Microbacterium ammoniaphilum ATCC 15354, Pseudomonas putida , Pseudomonas 
sp. D-0110, Agrobacterium radiobacter , Agrobacterium rhizogenes . Agrobacterium rubl , Anabaena cyllndrica , Ana- 
baena doliolum . Anabaena flos-aguae , Arthrobacter aurescens . Arthrobacter citrous . Arthrobacter globformis , Arthro- 
bacter hydrocarbogiutamicus . Arthrobacter mysorens , Arthrobacter nicotianae , Arthrobacter paraffineus . Arthrobacter 
protophonmiae . Arthrobacter roseoparaffinus , Arthrobacter sulfureus , Arthrobacter ureafaciens , Chromatium buderi , 
Chromatiumtepldum , Chromatium vinosum , Chromatiumwanalngii , Chromatium fluviatile . Erwinia uredovora , Erwlnia 
carotovora , Erwinia ananas . Erwinia herbicola , Erwinia punctata , Erwinia terreus , Methylobacterium rhodesianum . 

20 Methylobacterium extorguens , Phomiidium sp. ATCC29409, Rhodobactercapsulatus . Rhodobactersphaeroldes . Rho- 
dopseudomonas blastica , Rhodopseudomonas marina , Rhodopseudomonas palustris . Rhodospirillum rubrum , Rho- 
dospirilium salexigens . Rhodospirillum salinarum . Streptomyces ambofaciens . Streptomyces aureofaciens , Strepto- 
myces aureus , Streptomyces fungicidicus , Streptomyces griseochromogenes . Streptomyces griseus , Streptomyces 
lividans , Streptomyces ollvogriseus , Streptomyces rameus , Streptomyces tanashiensis . Streptomyces vinaceus and 
Zymomonas mobilis . 

[01 09] Introduction of the recombinant vector can be carried out by any of the methods for introducing DNA into the 
above host cells, for example, the method using calcium ion [Proc. Natl. Acad. Sci. USA, 69, 21 1 0 (1 972)]. the protoplast 
method (Japanese Published Unexamined Patent Application No. 248394/88) and the methods described in Gene, 
17, 107 (1982) and Molecular & General Genetics, 168 , 111 (1979). 
30 [01 10] When a yeast cell is used as the host cell. YEP1 3 (ATCC37115), YEp24 (ATCC37051), YCpSO (ATCC37419), 
pHS19, pHSIS. etc. can be used as the expression vector 

[0111] As the promoter, any promoters capable of functioning in yeast cells can be used. Suitable promoters include 
promoters of hexosekinase and other glycolytic genes, PH05 promoter, PGK promoter, GAP promoter. ADH promoter, 
gal 1 promoter, gal 10 promoter, heat shock polypeptide promoter, MFal promoter, CUP1 promoter, etc. 
35 [01 12] Examples of suitable host cells are cells of microorganism strains belonging to the genus Saccharomyces , 
Sch izosaccharomyces , Kluyveromyces , Trichosporon , Schwanniomyces . Ptohia or Candida , specifically, the species 
Saccharomyces cerevislae , Schizosaocharomyces pombe , Kluyveromyces iactls , Trfchosporon pullulans , Schwanni- 
omyces alluvius . or Candida utilis . 

[0113] Introduction of the recombinant vector can be carried out by any of the methods for introducing DNA Into 
40 yeast cells, for example, electroporatlon [Methods Enzymol.. 194 , 182 (1990)], the spheroplast method [Proc. Natl. 
Acad. Sci. USA. 75, 1929 (1978)], the lithium acetate method [J. Bacteriology, 153 , 163 (1983)] and the method de- 
scribed in Proc. Natl. Acad. Sci. USA, 75, 1 929 (1 978). 

[0114] When an animal cell is used as the host cell, pcDNAI, and pcDM8 (both available from Funakoshi). pAGE107 
[Japanese Published Unexamined Patent Application No. 22979/91; Cylotechnology, 3. 133 (1990)], pAS3-3 (Japa- 
<5 nese Published Unexamined Patent Application No. 227075/90) pCDMB [Nature, 329 . 840 (1 987)], pcDNAI/Amp (In- 
vitrogen). pREP4 (Invitrogen), pAGEI 03 [J. Biochem., 101 . 1307 (1 987)]. pAGE21 0, etc. can be used as the expression 
vector, 

[01 15] As the promoter, any promoters capable of functioning in animal cells can be used. Suitable promoters include 
the promoter of IE (immediate early) gene of cytomegalovirus (CMV), SV40 early promoter, the promoter of a retrovirus, 
90 metallothionein promoter, heat shock promoter, SRa promoter, etc. The enhancer of IE gene of human CMV may be 
used in combination with the promoter. 

[01 16] Examples of suitable host cells are human-derived Namatwa cells, monkey-derived COS cells. Chinese ham- 
ster-derived CHO cells, and HBT5637 (Japanese Published Unexamined Patent Application No. 299/88). 
[0117] Introduction of the recombinant vector into animal cells can be carried out by any of the methods for introducing 
DNA into animal cells, for example, electroporation [Cytotechnology, 3, 133 (1990)], the calcium phosphate method 
(Japanese Published Unexamined Patent Application No. 227075/90), iTpofectlon [Proc. Natl. Acad. Sci. USA, 84, 7413 
(1987)], and the method described in Virology, 52, 456 (1973). 

[01 1 8] When an insect cell is used as the host cell, the polypeptide can be expressed by using the methods described 



12 



EP 1 227 155 A1 

in Current Protocols in Molecular Biology: Baculovirus Expression Vectors, A Laboratory Manual, W. H. Freeman and 
Company, New York (1 992); Bio/Technology, 6, 47 (1 988), etc. 

[0119] That is, the recombinant gene transfer vector and a baculovirus are cotransfected into an Insect cell to obtain 
a recombinant virus in the culture supernatant of the insect cell, and then an insect cell is infected with the recombinant 
virus, whereby the polypeptide can be expressed. 

[0120] Examples of the gene transfer vectors suitable for use in this method are pVL1392. pVLI 393 and pBlueBaclll 
(products of Invitrogen). 

[0121] An example of the baculovirus Is Autographa californica nuclear polyhedrosis virus, which is a virus infecting 
Insects belonging to the family Barathra . 

[01 22] Examples of the Insect cells are Sf9 and Sf21 which are ovarian cells of Spodoptera frugiperda [Baculovirus 
Expression Vectors, A L^oratory Manual. W. H. Freeman and Company, New York (1992)]. and High 5 which Is an 
ovarian cell of TrichoplusIa ni (Invitrogen). 

[0123] Cotransfectlon of the above recombinant gene transfer vector and the above baculovirus into an insect cell 
forthe preparation of the recombinant vims can be canied out by the calcium phosphate method (Japanese Published 
Unexamined Patent Application No. 227075/90), lipof action [Proc. Natl. Acad. Scl. USA, 84, 7413 (1987)], etc. 
[01 24] When a plant cell is used as the host cell, 11 plasmid, tobacco mosakj virus vector, etc. are useful expression 
vectors. 

[0125] As the promoter, any promoters capable of functioning in plant ceils can be used. Suitable promoters Include 
353 promoter of cauliflower mosaic virus (CaMV), rice actln 1 promoter, etc. 

[0126] Examples of suitable host cells are cells of plants such as tobacco, potato, tomato, carrot, soybean, rape, 
alfalfa, rk;e, wheat, and barley. 

[0127] Introduction of the recombinant vector can be carried out by any of the methods for Introducing DNA into plant 
cells, for example, the Agrobacterium method (Japanese Published Unexamined Patent Applications Nos. 140885/84 
and 70080/86, WO94/00977), electroporation (Japanese Published Unexamined Patent Application No. 251887/85) 
and the method using particle gun (gene gun) (Japanese Patents Nos. 2606856 and 2517813). 
[0128] The gene can be expressed either directly or as a secretory production or fusion protein expression according 
to the methods described in Molecular Cloning, Second Edition, etc. 

[0129] When expression Is effected in yeast cells, animal cells, insect cells or plant cells, sugar or sugar chain-added 
polypeptide can be obtained. 

[0130] The polypeptide of the invention can be produced by culturing the transfomiant of the invention which Is 
obtained according to the above procedure in a medium, allowing the polypeptide having decaprenyldiphosphate syn- 
thetase activity or p-hydroxybenzoic acld-decaprenyltransferase activity of the present invention to fonn and accumu- 
late in the culture, and recovering the polypeptide from the culture. 

[0131] Culturing of the transfonnant obtained above In a medium can be canrled out by conventional methods for 
culturing a host cell of a transfonmant. 

[0132] When the transformant of the present Invention is prepared by using a procaryote such as Escherichia coll 
or a eucaryote such as yeast as the host, any of natural media and synthette media can be used for culturing the 
transformant Insofar as It Is a medium suitable for efficient culturing of the transfonnant which contains carbon sources, 
nitrogen sources, Inorganic salts, etc. which can be assimilated by the transformant used. 

[01 33] As the carbon sources, any carbon sources that can be assimilated by the transfonnant can be used. Examples 
of suitable carison sources include carbohydrates such as glucose, fructose, sucrose, molasses containing them, starch 
and starch hydrolyzate; organk: acids such as acetic acid and proplonte acid; and alcohols such as ethanol and pro- 
panol. 

[0134] As the nitrogen sources, ammonia, ammonium salts of various organic or inorganic acids such as ammonium 
chloride, ammonium sulfate, ammonium acetate and ammonium phosphate, and other nitrogen-containing compounds 
can be used as well as peptone, meat extract, yeast extract, com steep liquor, casein hydrolyzate. soybean cake, 
soybean cake hydrolyzate, and various fennented microbial cells and digested products thereof. 
[01 35 J Examples of the inorganic salts include potassium dihydrogenphosphate, dipotassium hydrogenphosphate. 
magnesium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, copper sulfate land 
. calcium' carbonate. 

[0136] Culturing is canied out under aerobic conditions, for example, by shaking culture or submerged spinner culture 
under aeration, at 1 5-40*'C usually for 1 6 hours to 7 days. The pl-l is maintained preferably at 3.0-9.0 during the culturing. 
The pH adjustment is canied out by using an organic or Inorganic acid, an alkali solution, urea, calcium carbonate, 
ammonia, etc. 

[0137] If necessary, antibiotics such as amplclllin and tetracycline may be added to the medium during the culturing. 
[0138] When a microorganism transfomned with a recombinant vector comprising an Inducible promoter Is cultured, 
an inducer may be added to the medium, if necessary. For example, in-the case of a microorganism transfonned-with 
a recombinant vector comprising lac promoter, isopropyl-p-D-thiogalactopyranoslderOr the like may be added to the 
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medium; and in the case of a microorganism transformed with a recombinant vector comprising U£ promoter, indote- 
acrylic acid or the like may be added. 

[0139] For the culturing of the transfonnant prepared by using an antmat cell as the host ceil, generally employed 
media such as RPMI1640 medium [The Journal of the American Medical Association, 199 , 519 (1987)], Eagle's MEM 
[Science, 122 . 601 (1952)1, Dulbecco's modified MEM [Virology, 8. 398 (1959)] and 199 medium [Proceeding of the 
Society for the Biologtcat Medicine, 73, 1 (1 950)], media prepared by adding fetal calf serum or the like to these media, 
etc. can be used as the medium. 

[0140] Culturing Is usually carried out at pH 6-8 at 30-40'*C for 1 -7 days in the presence of 5% CO2. 
[0141] If necessary, antibiotics such as kanamycin and penicillin may be added to the medium during the culturing. 
[0142] For the culturing of the transfonnant prepared by using an Insect cell as the host cell, generally employed 
media such as TNM-FH medium (Pharmingen), Sf-900 II SFM medium (Life Technologies), ExCeil 400 and ExCeil 
405 (both JRH Biosciences) and Grace's Insect Medium [Nature. 195 , 788 (1962)] can be used as the medium. 
[0143] Culturing is usually carried out at pH 6-7 at 25-30'*C for 1 -5 days. 

[0144] If necessary, antiblottes such as gentamlcin may be added to the medium during the culturing. 

[0145] The transformant prepared using a plant cell as the host cell can be cultured as a cell or as a cell or organs 

of the plant In differentiated fomn. Culture media suitable for use in the culturing of the transfonnant Include generally 

employed media such as Murashlge-Skoog (MS) medium and White medium, and media prepared by adding phyto- 

hormones, such as auxin, cytoklnln and so on, to these media. 

[0146] Culturing is usually carried out at pH 5-9 at 20-40*'C for 3-60 days. 

[01 47] If necessary, antibiotics such as kanamycin and hygromycin may be added to the medium during the culturing. 
[0148] The polypeptide of the present invention can be produced by culturing the above transfonnant derived from 
a microorganism, an animal cell or a plant cell and comprising a recombinant vector into which DNA encoding the 
polypeptide of the invention Is incorporated according to an ordinary culturing method, allowing the polypeptide to form 
and accumulate, and recovering the polypeptide from the culture. 

[0149] The gene can be expressed either directly or as a secretory production or fusion polypeptide expression 
according to the methods described in Molecular Cloning. Second Edition, etc. 

[01 50] The polypeptide of the present invention may be produced intracellularly, secreted extracellulary or produced 
on outer membranes of host ceils. Such production methods can be selected depending on the kind of the host cells 
used or on alteration of the structure of the polypeptide to be produced. 

[01 51] When the polypeptide of the present invention is produced in host cells or on outer membranes of host cells, 
it is possible to force the polypeptide to be secreted outside the host ceils by applying the method of Paulson, et al. [J. 
Biol. Chem., 264, 17619 (1989)], the method of Lowe, et al. [Proc. Natl. Acad. Scl. USA, 86. 8227 (1989); Genes 
Develop., 4, 1288 (1990)], or the methods described in Japanese Published Unexamined Patent Application No. 
336963/93, WO94/23021 , etc. 

[0152] That is, extracellular secretion of the polypeptide of the invention by host cells can be caused by expressing 
it in the fomn of a polypeptide In which a signal peptide Is added upstream of a polypeptide containing the active site 
of the polypeptide of the Invention by the use of recombinant DNA techniques. 

[0153] it is also possible to increase the polypeptide production by utilizing a gene amplification system using the 
dihydrofolate reductase gene or the like according to the method described in Japanese Published Unexamined Patent 
Application No. 227075/90. 

[01 54] Furthermore, it is possible to cause the animal cells orplant cells carrying the introduced gene to redifferentiate 
in order to produce an animal having the introduced gene (non-human transgenic animal) or a plant having the intro- 
duced gene (transgenic plant) and produce the polypeptide of the invention using these individuals. 
[0155] When the transformant is an animal individual or plant individual, the polypeptide can be produced by raising 
or culturing the animal individual or plant individual in a usual manner, allowing the polypeptide to fomn and accumulate 
therein, and recovering the polypeptide from the animal or plant. 

[0156] When an animal individual Is used, the polypeptide of the present invention can be produced in the animal 
carrying the introduced gene according to known methods [American Journal of Clinical Nutrition, 63, 6393 (1996); 
Amerfcan Joumal of Clinical Nutrition, 63, 627S (1996); Bio/Technology. 9, 830 (1991)]. 

[0157] In the case of an animal Individual, the polypeptide of the present invention can be produced, for example, 
by raising a non-human transgenic animal canrying DNA encoding the polypeptide, allowing the polypeptide to fonn 
and accumulate in the animal, and recovering the protein from the animal. The places where the polypeptide Is formed 
and accumulated include milk (Japanese Published Unexamined patent Application No. 309192/88), egg, etc. of the 
animal. As the promoterto be used, any promoters capable of functioning in an animal can be used. Preferred promoters 
include mammary gland cell-Specif promoters such as a casein promoter, p casein promoter, p lactoglobulin promoter 
and whey acidic protein promoter. 

[0158] In the case of a plant Individual, the polypeptide of the invention can be produced, for example, by culturing 
a transgenic plant carrying DNA encoding the polypeptide according to known methodsr[Soshiki Baiyo (Tissue Culture), 
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20 (1 994); Soshiki Baiyo (Tissue Culture). 21 (1 995); Trends in Biotechnology, 15. 45 (1 997)]. allowing the polypeptide 
to form and accumulate in the plant, and recovering the polypeptide from the plant. 

[0159] Isolation and purification of the polypeptide having decaprenyldiphosphate synthetase activity or p-hydroxy- 
benzolc acld-decaprenyltransf erase activity, which has been produced by the transfomiant of the present invention, 
can be earned out by conventional methods for isolating and purifying enzymes. 

[0160] For example, when the polypeptide of the present invention is expressed In a soluble fonn in cells, the cells 
are recovered by centrifugation after the completion of culturing and suspended in an aqueous buffer, followed by 
disruption using a sonicator, French press, Manton Gaulin homogenlzer, Dynomill or the like to obtain a cell-free extract. 
A purified polypeptide preparation can be obtained from the supematant obtained by centrlfuglng the cell-free extract 
by single use or a combination of conventk>nal methods for isolating and purifying enzymes, namely, extraction with a 
solvent, saltlng-out with ammonium sulfate, etc., desalting, precipitation with an organic solvent, anion exchange chro- 
matography using resins such as diethylaminoethyl (DEAE)-Sepharose and DIAION HPA-75 (Mitsubishi Kasei Cor- 
poratton), cation exchange chromatography using resins such as S-Sepharose FF (Phanmacia). hydrophobic chroma- 
tography using resins such as butyl Sepharose and phenyl Sepharose, gel filtration using a molecular sieve, affinity 
chromatography, chromatofocusing. electrophoresis such as isoelectric focusing, or the like. 

[0161] When the polypeptide is expressed as an inclusion body in ceils, the cells are similariy recovered and dis- 
rupted, followed by centrifugation to obtain the inclusion body of the polypeptide as a precipitate fraction, whteh Is then 
solubillzed with a protein-denaturing agent. The solubillzed solution Is diluted or dialyzed to reduce the concentration 
of the protein-denaturing agent, whereby the normal three-dimensional stmcture of the polypeptide is restored. After 
carrying out these operations, a purified polypeptide preparation can be obtained through the same isolation and pu- 
rification procedures as mentioned above. 

[01 62] When the polypeptide of the present invention or a derivative thereof such as a polypeptide In which a sugar 
chain is added to the polypeptide is extracellularly secreted, the polypeptkle or the derivative thereof can be recovered 
in the culture supematant obtained by treating the culture using a similar centrifugation technique as descnlsed above. 
From the culture supematant, purified preparation of the polypeptide can be obtained using the same isolation and 
purification procedures as described above. 

[0163] Example of the polypeptides obtained in this manner are a polypeptide having the amino acid sequence shown 
in SEQ ID NO: 2 as regards the polypeptides having decaprenyldiphosphate synthetase activity, and a polypeptide 
having the amino acid sequence shown in SEQ ID NO: 4 regarding polypeptides having p-hydroxybenzoic acid-dec- 
aprenyltransferase activity. 

[01 64] In addition to the polypeptides obtained above, the polypeptides of the present invention also Include polypep- 
tides which comprise an amino acid sequence in which one or more amino acid residues are deleted, substituted or 
added in the amino acid sequence possessed by the above polypeptides and which have either decaprenyldiphos- 
phophate synthetase activity or p-hydroxybenzoic acld-decaprenyltransf erase activity. 

[0165] The polypeptides of the present invention can also be produced by chemical synthetic methods such as the 
Fmoc method (the fluorenyImethyloxycarit>onyl method) and the tBoc method (the t-butyloxycart>onyl method). Fur- 
themnore, the polypeptides can be chemically synthesized by using peptide synthesizers from Advanced ChemTech. 
Peridn-Elmer, Pharmacia, Protein Technology Instrument, Synthecell-Vega, PerSeptive, Shimadzu Corporation, etc. 
[5] Production of ubiquinone-10 

[0166] As microorganisms to be used for production of ubiqulnone-10. microorganisms having the ability to form 
ubiqulnone-10 and having one or more properties selected from the group consisting of the property wherein crtE 
activity is reduced or defective, the property wherein decaprenyldiphosphate synthetase activity is strengthened, and 
the property wherein p-hydroxybenzoic acid-decaprenyltransferase activity is strengthened are preffered. 
[0167] Examples of mk^roorganisms having the ability to fomn ubiqulnone-IO and having the property wherein crtE 
activity is reduced or defective are those obtained in [1] above. 

[0168] Microorganisms having the property wherein decaprenyldiphosphate synthetase activity is strengthened or 
those having the property wherein p-hydroxybenzoic acid-decaprenyltransferase activity is strengthened can be ob- 
tained from microorganisms having the ability to form ubiquinone-1 0 according to the method forintroducing mutatk>n 
described in [1] above. They can also be obtained by Introducing DNA encoding decaprenyldiphosphate synthetase 
or p-hydroxybenzoic acld-decaprenyltransferase obtained by the method described In [2] and [3] above to microorgan- 
isms having the ability to fonn ublqulnone-IO according to the method described in [4] above. 
[0169] Furthermore, microorganisms having the ability to form ublqulnone-10 and having one or more properties 
selected from the group consisting of the property wherein crtE activity is reduced or defective, the property wherein 
decaprenyldiphosphate synthetase activity Is strengthened, and the property wherein p-hydroxybenzoic acld-decapre- 
nyltransferase activity is strengthened can be obtained by the combination of the above described methods. 
[0170] Ublquinone-10 can be produced by culturing a microorganism having the ability to form ubiquinone-10 and 
having one or more properties selected from the group conslstlng-of the property whereirTcrtE activity Is reduced or 
defective, the property wherein decaprenyldiphosphate synthetase activity is strengthened, and the property wherein 
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p-hydroxybenzoic acid-decaprenyltransferase activity is strengthened in a culture nnedium, allowing ubiquinone-10 to 
form and accumulate in the culture and recovering the ubiquinone*10 from the culture. 

[0171] Culturing may be carried out in accordance with the culturing method described in [4] above. If necessary, 
aromatic compounds such as shikimic acid, chorismic acid, p-hydroxybenzoic acid, etc. which are precursors of ubl- 
s qulnone-10 biosynthesis and isoprenoid such as IPP, FPP, etc. may be added to the medium. 

[0172] Ubiquinone-10 can be recovered from the culture by a method of recovery usually used in synthetic organic 
chemistry such as extraction with organic solvents, crystallization, thin layer chromatography, high performance liquid 
chromatography, etc. 

[0173] Confinnation and quantitative analysis of the ubIquinone-10 recovered can be carried out byi^C-NMR 
10 spectrum, ^l-l-NMR spectrum, mass spectrum, high performance liquid chromatography (HPLC), the color development 
method, etc. 

[6] Efficient expression of gene 

[0174] The promoter present in the ribosomal RNA gene described in the polypeptide production method in [4] above 
is useful not only in the polypeptide production method of [4] above but in polypeptide production methods in general. 
15 [0175] By inserting DNA encoding a polypeptide for which expression is targeted downstream to DNA comprising 
the nucleotide sequence of the promoter present in the ribosomal RNA gene, DNA encoding the polypeptide can be 
expressed efficiently, and, therefore, the polypeptide can be produced. 

[0176] Useful ribosomal RNA genes are those derived from microorganisms belonging to the genus Rhodobacter . 
[0177] An example of the promoter present in the ribosomal RNA gene is DNA having the nucleotide sequence 
20 shown in SEQ ID NO: 5. 

[0178] Examples of the present invention are shown below. These examples are not to be construed as limiting the 
scope of the invention. Unless othenvise referred to, the recombinant DNA experiments shown in the following exanv 
pies were can-led out using the method described In Molecular Cloning. Second Edition (hereinafter referred to as "a 
conventional method"). 

25 

Best Modes for Carrying Out the Invention 

Example 1 Construction of a microorganism strain wherein crtE is reduced or defective 

30 (1 ) Preparation of DNA comprising DNA encoding crtE 

[0179] Oiigodeoxy ribonucleotides having the nucleotide sequence shown In SEQ ID NO: 7 or 8 were synthesized 
utilizing the previously published nucleotide sequence of a carotenoid biosynthetase gene cluster containing crtE of 
R. sphaeroldes [J. Bacteriology, 177 , 2064-2073 (1 995)) using a DNA synthesizer. They were used as a set of primers 
35 in PGR. 

[0180] Chromosomal DNA of R. sphaeroldes KY4113 (FERIVi BP-4675) was cultured overnight using 50 ml of LB 
medium [1% Bacto Tryptone (Difco), 0.5% Bacto Yeast Extract (Difco), 5% NaCi] and cells were recovered. 
(01 81] After being subjected to freezing and thawing once, the cells were suspended in 1 0 ml of a buffer [50 mmoV 
I Tris HCI, 20 mmol/I EDTA (pH 8.0)1 containing 0.5 mg/ml lysozyme and Incubated at 37*0 for 3 hours. 

40 [0182] To the suspension were added 1 ml of proteinase K (1 mg/ml) and 100 ^l of 10% SDS and the mixture was 
incubated at 50°C for 3 hours. Then the mixture was allowed to restore to room temperature and subjected to extraction 
with phenol/chloroform, followed by precipitation with ethanol, whereby the chromosomal DNA was purified. 
[0183] PCR amplification was carried out using a set of prinrters having the nucleotide sequence shown in SEQ ID 
NO: 7 or 8 synthesized above with the chromosomal DNA as a template. 

45 [0184] PCR was can-ied out by 30 cycles, one cycle consisting of reaction at 98'C for 20 seconds, and reaction at 
68'C for 5 minutes, using TaKaRa LA-Taq. 

[0185] A targeted, PCR-amplifled about 2.5 kb DNA fragment was subjected to blunting and phosphorylation and 
inserted to the Sma I site of a plasmid vector, pUC19, to prepare a recombinant ptasmid. 

[01 86] Escherichia coll DHSa (Toyobo) was transformed with the recombinant plasmid and spread on LB agar me- 
dium containing 100 p.g/ml ampiclliin to obtain transformants. 

[01 87] A plasmid was extracted from the transfomnant and the nucleotide sequence of the DNA inserted to the Sma 
i site of the plasmid was determined. 

[01 88] Based on the determined nucleotide sequence, it was confirmed that the DNA contains parts of ORFs which 
are present In upstream and downstream crtE. 
3S [01 89] The plasmid was named pUCRTE-1 . 

[0190] Analysis of the restriction enzyme sites of pUCRTE-1 revealed that Bal 1 and Stu I are present, one each, 
only inside crtE and that the distance between both restriction enzyme sites is about 450 bp. Thus, the present Inventors 
considered it was possible to cause GGPP synthetase activity of crtE to be reduced or become def ectTve by deleting 
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this region of about 450 bp and conducted the following experiment. 

[0191] pUCRTE-1 was subjected to double digestion with Bal I and Stu I and its complete digestion was confimied 
by agarose gel electrophoresis. Then an about 4.6 kb DNA fragment was separated and purified using QIAEX II (Qia- 
gen). The purified DNA fragment was subjected to blunting and dephosphorylation. 
5 [0192] To facilitate the selection of crtE-defectlve strains, a plasmid carrying a kanamycin resistance gene inserted 
into the obtained DNA was prepared according to the following procedure. 

[0193] The kanamycin resistance gene derived from Tn5 and the gInB promoter region derived from R. sphaeroldes 
[Microbiology. 140 , 2143*2151 (1994)] were each isolated by PGR and ligated together, followed by blunting and phos- 
phorylation, which was then ligated to the 4.6 kb fragment previously prepared, whereby a recombinant ptasmid was 
10 prepared. 

[0194] Escherichia coll DH5a was transfomned with the recombinant plasmid and then spread on LB agar medium 
containing 100 p.g/ml ampiclllin to obtain transformants. 

[01 95] A Plasmid was extracted from the transformants and was confirmed to carry the kanamycin resistance gene 
inserted into the site where crtE was deleted. 
IS [0196] The plasmid was named pUACRTE-1 . 

(2) Preparation of a strain in which GGPP synthetase activity Is reduced or defective 

[0197] pUACRTE-1 obtained in (1) above was introduced into R. sphaeroldes KY4113 according to the following 
method. 

[0198] KY4113 was inoculated into LB liquid medium and cultured until Its logarithmic growth phase. After the cul- 
^ turing» cells were recovered by centrifugation. The cells were washed twice with an aqueous solution containing 1 0% 
glycerol and 1 mmol/t HEPES to remove the medium components to the utmost. 

[0199] The washed cells and 10 of pUACRTE-1 were placed in a 0.1 cm width cuvette for electroporation (Bio- 
Rad) and electroporation was carried out under the conditions of 400a, 25 (iF, and 12.5 kv/cm using Gene Pulser (Bio- 
Rad), to introduce pUACRTE-1 into the cells. 
25 [0200] The resulting cells were cultured at 30*C for 3 hours using SOC medium (a medium prepared by adding 20 
g of Bacto Tryptone (Difco), 5 g of Bacto Yeast Extract (Difco), 2 ml of 5 mol/l NaCI, and 1 .25 ml of 2 mol/l KCI together, 
to which water is added to prepare a solution of 990 ml, autoclaving the solution, and adding 10 ml of 2 mol/l glucose 
solution to the solution). The obtained culture was spread on LB agar medium containing 10 p-g/ml kanamycin and 
cultured at 30*'C for 3 days. 

30 [0201] As a result of the cuituring, 18 colonies were fomned of which 11 formed red carotenoid pigment as in the 
case of the wild strain and 7 lacked carotenoid productivity. 

[0202] After cuituring each of the colonies, chromosomal DNA was extracted and analyzed. 
[0203] it was revealed that the 7 strains that lost carotenoid productivity carried the kanamycin resistance gene 
inserted within the crtE gene on the chromosome. 
35 [0204] Itwas considered that pUACRTE-1 Introduced by electroporation underwent two-site crossing-over at regions 
upstream and downstream the kanamycin resistance gene with the homologous regions of chromosome and was 
Inserted, which caused deletion of the crtE gene and, therefore, loss of enzymatic activity encoded by the crtE gene 
(GGPP synthetase activity) so that the strains could not produce carotenoid any more. 

[0205] The amptelllln resistance gene canied by pU ACRTE-1 was not introduced into the chromosomal DNA of these 
40 strains and DNA derh^ed from the vector was not incorporated into their chromosomal DNA. 

[0206] in the 11 strains which maintained carotenoid productivity, both amplciilin resistance gene and kanamycin 
resistance gene were confirmed on the chromosome and, thus, they were revealed to contain the normal crtE, with 
the sequence of pUACRTE-1 inserted to the chromosomal DNA by one-site crossing-over. 
[0207] The crtE-defective strains thus obtained were named ICY4113AcrtE-1 to 7. 
45 [0208] The KY41 1 3AcrtE-1 to 7 strains were confirmed to be crtE-defective strains as their carotenoid productivity 
was restored by introducing the normal crtE gene into them. That is, a recombinant plasmid canying the normal crtE 
gene inserted to a wide host range vector, pEG400, [J. Bacteriology, 172 , 2392 (1990)] was prepared and Introduced 
into these strains, and It was confirmed that they produce carotenoid pigment. 

50 Example 2 Production of ublquinone-1 0 by crtE-def ective strains 

[0209] One platiriurri loop of each of KY4113AcrtE-1 to 7 strains obtained in Example 1 was inoculated Into 5 ml of 
a seed medium [2% glucose, 1% peptone, 1% yeast extract, 0.5% NaCI (pH 7.2 adjusted by NaOH)] In a test tube and 
cultured at 30*'C for 24 hours. . 
55 [0210] The resulting culture (0.5 ml) was inoculated Into 5 ml of a ubiquinone-10 producing medium [prepared by 
adjusting a medium containing 4% molasses, 2.7% glucose, 4% corn steep liquor, 0.8% ammonium sulfate, 0.05% 
potassium dihydrogenphosphate, 0.05% dipotasslum hydrogenphosphate, 0:025% magnesium sulfate.7 hydrate, 3 
mg/l ferrous sulfate.7 hydrate. 8 mg/l thiamine, 8 mg/l nicotinic acid, and 1 ml/I trace.elements (a solution containing 
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88 mg/l Na2B407.1 OH20. 37 mg/l (NH4)6Mo7024.4H20, 8.8 mg/l 2nS04.7H20, 270 mg/l CUSO4.5H20, 7.2 mg/I MnClg. 
4H2O. and 970 mg/l FeCla-SHgO) to pH 9, adding 1 % calcium carbonate thereto, and autoclaving the resulting mixture] 
in a test tube and cultured with shaking at 30<*C for 5 days. 

[0211] After the completion of culturing, 300 ^.1 of 2-butanol and 300 p.1 of glass beads were added to 300 |xl of the 
5 broth and extraction with solvent was carried out while disrupting the cells with Multi Beads Shocker MB<200 (Yasui 
Kiki) for 5 minutes. 

[0212] The liquid extract was separated by centrifugatlon to recover a 2-butanol layer. The production amount of 
ubiquinone-10 in the 2-butanol layer was calculated by canying out high perfonnance liquid chromatography (HPLC) 
under the following conditions: 

10 

Conditions for HPLC 

Apparatus: LC-10A (Shimadzu Corporation) 
Column: Deveiosil OOS-l-IG-5 (Nomura Kagaku) 
Moving phase: methanol : n-hexane = 8:2 
IS Vek)city: 1 ml/mln. 

Measured wavelength: 275 nm 

[0213] The results are shown In Table 1 . 

20 Table 1 
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Growth 


Titer of 


Content 




(OD660) 


ubiquinone-10 (mg/l) 


(Titer/growth) 


KY4113 


23.6 


90.8 


3.9 


KY4113AcrtE-1 


21.7 


127.3 


5.9 


KY41l3AcrtE-2 


21.4 


120.6 


5.6 


iCY4113AcrtE-3 


21.9 


112.2 


5.1 


KY4113AcrtE-4 


21.8 


120.1 


5.5 


KY4113AcrtE-5 


20.1 


112.6 


5.6 


KY4113AcrtE-6 


20.9 


128.2 


6.1 


KY4113AcrtE-7 


24.7 


159.5 


6.5 



[021 4] The production amount of ubiquinone-1 0 was significantly higher for KY41 1 3AcrtE-1 to 7 strains as compared 
35 with KY4113 used as a control. That Is, It was found for the first time that ubiqulnone-10 productivity could be improved 
by causing crtE activity of R. sphaeroldes to become defective. 

[0215] it was also found that gene disruption by electroporation using a DNA fragment into which the deletion was 
introduced was a very excellent method. 

[021 6] According to this method, no special vector or host cell required by the conjugation method Is necessary, and 
40 any vectors that are incapable of autonomous replication In photosynthetic bacteria, for example. pUC19 as well as 
straight chain DNA such as PCR amplified fragments can be utilized. 

[0217] It is considered that the amount of ubiquinone-10 accumulation Increased because FPP that has previously 
flown toward carotenoid or bacteriochlorophyll side chain via crtE gene products now flows toward the ubiquinone 
biosynthetic pathway according to this method. The mutants obtained according to the present invention have growth 
45 characteristics and nutrition auxotrophy similar to those possessed by the parent strain because no mutation is newly 
introduced In addition to the crtE mutation. 

Example 3 Cloning of the decaprenyldiphosphate synthetase gene (DPPS) from a photosynthetic bacterium R. 
sphaeroldes 

50 

[021 8] The present Inventors considered that ubiquinone-1 0 could be produced efficiently by strengthening the ubi- 
quinone biosynthetic pathway and attempted to obtain a gene participating In the ublquinone-10 biosynthetic system. 
[0219] As the gene, first, we noted the decaprenyldiphosphate synthetase gene (DPPS). 

[0220] DPPS Is very likely to efficiently draw FPP which Is presumed to become excessive by the defectiveness of 
55 crtE toward the ubiquinone biosynthetic pathway, therefore, it Is possible that a strain obtained by introducing the DPPS 
into a crtE-defective strain produces ubiqulnone-1 0 more efftoiently than a strain In which the DPPS is Introduced Into 
a crtE non-defective strain. 

[0221] To obtain the decaprenyldiphosphate synthetase gene derived from R. sphaeroldes . the degenerate PCR 
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method [Bio Experiments Illustrated (3), Shujunsha (1 99)] was carried out. 

[0222] Search for the known decaprenyldiphosphate synthetase gene derived from other biological species was 
conducted for the DNA database of Genbanlc. As a result, the gene was confimned to be present in B. subtilis , B. 
stearothemriophilus , E. coli, G. suboxydans . H. influenzae , H. pylori , R. capsulatus , S. serevislae , S. pombe . Syne- 

5 chocystis sp. PCC6803, etc. Their sequences were compared and highly conserved amino acid sequences were se- 
lected. Nucleotide sequences corresponding to the amino acid sequences selected were designed taking the frequency 
of the codon usage of R. sphaeroides used Into consideration and a DNA fragment having the nucleotide sequence 
shown In SEQ ID NO: 9 was synthesized as the sense primer and a DNA fragment having the nucleotide sequence 
shown in SEQ ID NO: 10 as the antisense primer by using a DNA synthesizer. 

10 [0223] PGR was earned out using the above primers and Expand^*^ Hlgh-Fidelity PGR System (Boehringer Man- 
nheim) with chromosomal DNA of R. sphaeroides KY4113 (PERM P-4675) as a template In DNA Thermal Cycler 
(Perkin-Elmer Japan). 

[0224] PGR was carried out by 35 cycles, one cycle consisting of reaction at 94«G for 40 seconds, reaction at 60*G 
for 40 seconds and reaction at 72**C for 45 seconds. 
IS [0225] An about 400 bp amplified DNA fragment was obtained by PGR. 

[0226] The nucleotide sequence of the DNA fragment was detennined and the DNA fragment was confimned to have 
a high homology to the known polyprenyldiphosphate synthetase. The DNA fragment was purified and subjected to 
DIG-labeling using DIG DNA Labeling Kit (Boehringer Mannheim). 

[0227] To obtain the full length decaprenyldiphosphate synthetase gene of R. sphaeroides KY4113, a genomic DNA 
20 library of the KY4113 strain was prepared according to the following method. 

[0228] KY41 1 3 was cultured on LB medium overnight and chromosomal DNA was extracted. The extract was partially 

digested with Sau 3AI and 4 to 6 kb DNA fragments were purified by sucrose density gradient ultracentrifugation. 

[0229] The DNA fragments and a vector, pUG19, digested with. Bam Hi were subjected to ligation using Ligation 

Pack (Nippon Gene) to prepare recombinant plasmids. 
2s [0230] E . coli DH5a was transfonned with the obtained recombinat ptasmid and spread on LB plate containing 1 00 

p,g/ml ampiciliin, whereby about 10000 recombinant strains were obtained. 

[0231] The recombinant strains were subjected to screening according to the colony hybridization method by using 
the DIG-Iabeled DNA fragment obtained above as a probe and 5 colonies that hybridize to the DIG-labeled DNA frag- 
ment were obtained. 

30 [0232] A plasmid was extracted by a conventional method from the strains derived from the colonies and digested 
with a restriction enzyme and the size of the DNA fragments Inserted were compared. 

[0233] The above 5 strains contained the inserted DNA fragments of the same size and the DNA fragments were 
revealed to contain a common sequence through sequencing. 

[0234] O RF encoding 333 amino acids that have a high homology to the polyprenyMiphosphate synthetase gene of 
35 other biologteal species was present in the sequence. 

[0235] The nucleotide sequence Is shown in SEQ ID NO: 1 and the amino acid sequence In SEQ ID NO: 2. 

Example 4 Production of ublquinone-10 by recombinant R. sphaeroides 

40 [0236] A recombinant plasmid in which an about 4 kb DNA fragment containing the DPPS gene cloned In Example 
3 was linked to a wide host range vector, pEG400, was prepared. The plasmid was named pEGDPPS-1 . 
[0237] pEGDPPS-1 and pEG400 as a control were introduced Into KY4113 and KY4113AcrtE-1 obtained in Example 
1 , respectively, by electroporation. Electroporation was carried out under the conditions of 400£2, 25 p.F, and 12.5 kv/ 
cm using Gene Pulser (Bio-Rad). 

[0238] After carrying out electroporation, the cells carrying the Introduced plasmid were cultured at 30*0 for 3 hou rs 
using BOG medium and then spread on LB agar medium containing 100 tig/ml spectinomycln, followed by culturing 
at 30^*0 for 3 days. 

[0239] Transformants grown are cultured, plasmid was extracted from the ceils and each strain was confimned to 
contain the introduced plasmid. 
so [0240] The transfonmants obtained were named KY4113/pEGDPPS-1, KY4113/pEG400, KY4113AcrtE- 
1 /pEGDPPS-1 . and KY41 1 3A crtE-1/pEG400, respectively. 

[0241] One platinum loop of each of the transformants was inoculated into 5 ml of a seed medium containing 100 
(ig/ml spectinomycin In a test tube and cultured -at-30**G for 24 hours. 

[0242] 0.5 ml of the resulting culture was added to 5 ml of a ubiquinone-10 production medium containing 100 p.g/ 
ss ml spectinomycin in a test tube and cultured at 30**G for 5 days with shaking. 

[0243] After the completion of culturing, ublquinone-1 0 was extracted from the culture In accordance with the method 
descnbed in Example 2 and the producttorramount of ubiquinone-10 was calculated by quantitative analysis using 
HPLG. 



19 



EP1 227 155 A1 



[0244] The resutts are shown in Table 2. 



Table 2 





Growth 


Titer of 


Content 




{OD660) 


ubiquinone-10 (mg/I) 


(Titer/ growth) 


KY4113/iDEG400 


26.8 


72.5 


2.7 


KY4113/pEGDPPS-1 


26,98 


119.9 


4.4 


KY41 1 3AcrtE-l/pEG400 


31.16 


119.2 


3.8 


KY41 1 3AcrtE-1/pEGDPPS-l 


29.56 


151.1 


5.1 






(170.9) 


(5.8) 


rne values in the parentheses include ubiquinone-10 precursors. 



[0245] The production amount of ubiquinone-1 0 was significantly higher for KY41 1 3/pEGDPPS-1 as compared with 
KY4113/pEG400 used as a control. Furthenmore, higher ubiqulndne-10 producth^lty was shown by using KY4113A 
crtE-1 as the host. 

[0246] From these results, it was found that the decaprenyldlphosphate synthesis is rate limiting In ubiqulnone-10 
biosynthesis and that pool of FPP. a substrate for decaprenyldlphosphate synthetase, increases by the deletion of the 
crtE gene. 

[0247] An unknown substance was detected In KY4113AcrtE-1/pEGDPPS-1 by HPLC analysis, which was not ob- 
served In other recombinant strains. So, the substance was isolated and purified for analyses by absorption spectrum 
and mass spectrum. 

[0248] As a result of the analyses, the unl<nown substance was revealed to be an intermediate for the biosynthesis 
of ubiqulnone-1 0. It was presumed that as DPPS activity was strengthened, a new rate limiting point was present or 
arose in the biosynthesis pathway downstream the decaprenyldiphophate synthesis. These findings have been found 
for the first time by the present inventors. 

Example 5 Search for strong promoters 

[0249] From the results of Example 4, the decaprenyfdiphosphate synthesis was revealed to be rate limiting in ubi- 
quinone-1 0 biosynthesis. Therefore, it was presumed that the productivity of ubiquinone-1 0 would be further improved 
If DPPS could be forced to express by using a stronger promoter. 

[0250] With regard to promoters of microorganisms having the ability to fomn ubiquinone-1 0, there is a finding con- 
cerning a promoter that highly expresses under unaerobic photosynthetic culturing conditions but is almost no finding 
under aerobic heterotrophic culturing conditions. 

[0251] As to the promoter highly expressing under unaerobic photosynthetic culturing conditions, there is a report 
on unaerobic culturing of R. capsulatus into which recombinant plasmid constmcted by using a promoter of the R. 
capsulatus -derived glutamine synthetase gene (gInB) was introduced (Japanese Published Unexamined Patent Ap- 
plication No. 107789/96). 

[0252] Based on the report, we constructed recombinant plasmid pEGgInB-DPPS-1 In which an upstream sequence 
of the gInB gene [Microbiology, 140, 2143-2151 (1994)] derived from R. sphaeroides was linked upstream to DNA 
encoding DPPS and prepared a strain In which the recombinant plasmid was introduced Into R, sphaeroides KY4113. 
However, unibiqunone-10 productivity could not be improved. 

[0253] Through the search newly conducted for strongly expressing promoters, an rRNA promoter was found to be 
effective. 

[0254] The sequence of rRNA gene of R. sphaeroides has already been published and 3 kinds, namely, n-nA, rmB, 
and rmC have been known [Nuciek: Acids Res., 18, 7267-7277 (1990)]. The sequence upstream the rRNA gene was 
subjected to PGR cloning by the following method. 

[0255] Based on the known sequence information, for the cloning of the upstream rrnC gene, for example, a DNA 
fragment having the nucleotide sequence shown in SEQ ID NO: 11 was designed as the sense primer and a DNA 
fragment having the nucleotide sequence shown In SEQ ID NO: 12 as the antlsense primer. In so designing, the 
restriction enzyme Xba I site was added to the sense primer and the restriction enzyme Kpn I site to the antisense 
primer and In addition, a ribosomal binding site was designed for the antlsense primer. 

[0256] PGR was canried out using the above primers and Expand^" HIgh-Rdelity PGR System (Boehringer Man- 
nheim) with chromosomal DNA of R. sphaeroides KY4113 (FERM P-4675) as a template In DNA Thermal Cycler 

(Perkin-Elmer Japan). 

[0257] PGR was^arried out by 30 cycles, one cycle consisting of reaction at 94"G for 40 seconds, reaction at 60'C 
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for 40 seconds and reaction at 72*C for 45 seconds. 

[0258] An about 200 bp amplified DNA fragment was obtained by PGR. The nucleotide sequence of the DNA fragment 
was detenrnined and the DNA fragment was confirmed to be the targeted one. 

[0259] A recombinant plasmid In which the DNA fragment linked upstream to a kanamycin-resistant gene was In- 
serted into a wide host range vector, pEG400, was prepared. 

[0260] The recombinant plasmid was introduced into R. sphaeroides KY41 13 by electroporatlon and the cells of the 
resulting strain was spread on LB agar medium containing 100 ^g/l spectlnomycin and cultured at 30°C for 3 days to 
obtain transformants. 

[0261] The transformants were tested on LB agar medium containing kanamycln. 

[0262] The transfonnants Into which a control pEG400 was introduced did not grow on the medium containing 10 
\Lgn kanamycln, but those Into whteh the recombinant plasmid having the DNA upstream rmC was introduced was 
viable even in the presence of 1 00 jtg/l kanamycln. Thus, it was confinned that the upstream sequence of rRNA obtained 
above has a strong promoter activity. Expression of DPPS gene was attempted using the promoter according to the 
following method. 

[0263] On the basis of the Infonnation on the sequence of the DPPS gene derived from R. sphaeroides confimied 
in Example 3, the ORF region was amplified by PGR. DNA In which the restriction enzyme Kpn I site (5* ccggtacc 3*) 
is added to a 5'-terminai of DNA having the nucleotide sequence of nucleotides 1-24 in SEQ ID NO: 1 was used as 
the sense primer and DNA wherein additional sequence (5' cc 3')-restrlction enzyme Eco Rl site (5* gaattc 3')-lnitlatlon/ 
temnination codon (5* tea 3') was added to a 5'-temninal of the complementary sequence of the nucleotide sequence 
of nucleotides 979-990 in SEQ ID NO: 1 was used as the antlsense primer. PGR was carried out in accordance with 
the method of Example 3 using a set of these primers. 

[0264] After digesting both temiinals of the amplified DNA fragment obtained by PGR with Kpn I and &o Rl. the 
DNA fragment was purified by a conventional method. 

[0265] The PGR amplified DNA on the promoter region was digested with Xba I and Kpn I and purified. 

[0266] A recombinant plasmid was obtained by Itgating the above two DNA fragments to an Xba I and Eco Rl-double 

digestion product of a wide host range vector, pEG400. the nucleotide sequence of the DNA Inserted to the recombinant 

plasmid was detemnined and the recombinant plasmid was confirmed to carry the DPPS gene linked directly below 

the upstream sequence of the targeted rrnG. The recombinant plasmid w£is named pEGrmG-DPPS-1 . 

[0267] Furthemiore, plasmid, pEGglnB-DPPS-1 was constructed In the similar manner so that the expression of the 

DPPS gene is enabled using the upstream sequence of glnB already reported. 

Example 6 Production of ublqulnone-1 0 using transfomiants carrying plasmid highly expressing the 
decaprenytdlphosphate synthetase gene 

[0268] The recombinant plasmid pEGrrnG-DPPSI and also pEG400, pEGDPPS-1 and pEGglnB-DPPSI as controls 
were introduced into KY4113 by electroporatlon. 

[0269] The cells Into which the plasmid was Introduced were cultured at SO^'G for 3 hours using SOG medium. The 
obtained culture was spread on LB agar medium containing 100 |ig/ml spectlnomycin and cultured at dC'G for 3 days. 
[0270] Plasmid was extracted from the cells obtained by culturing the transfomnants. It was conf inmed that the trans- 
formants contained the plasmid introduced thereinto. , 

[0271] The transfonnants obtained according to the above method were named KY4113/pEGrrnC-DPPS1, 
KY4113/pEG400, KY4113/pEGDPPS-1 , and KY4113/pEGgInB-DPP1, respectively. 

[0272] One platinum loop of each of the transformants was inoculated into 5 ml of a seed medium containing 100 
(ig/ml spectinomycin In a test tube and cultured at 30**C for 24 hours. 

[0273] The resulting cultures were added, each 0.5 ml, to 5 ml of a ublquinone-10 production medium containing 
100 p.g/ml spectinomycin In a test tube, respectively, and cultured at SO'^C for 5 days with shaking. 
[0274] After the completion of culturing, ubiquinone-10 was recovered from a culture according to the niethod de- 
scribed in Example 2 above and the production amount of ubiqulnone-1 0 was calculated by-quantitative analysis by 
using HPLG. 

[0275] The results are shown In Table 3. 



Tables 





Growth 


Titer of 


Gontent 




(OD660) 


ubiquinone-10 (mg/l) 


(Titer/ growth) 


KY4113/pEG400 


27.5 


83.7 


3.0 


KY4113/pEGDPPS-1 


29,9 


132.9 


4.4 
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Table 3 (continued) 



5 





Growth 


Titer of 


Content 




(OD660) 


ublquinone-1 0 (mg/1) 


(Titer/ growth) 


KY4113/pEGgInB-DPPS-1 


29.5 


117.1 


4.0 


KY411 3/pEGrrnC-DPPS-1 


2B.6 


188.8 


6.6 



[0276] From the fact that the production amount of ubiquinone-1 0 was the highest in KY4113/pEGrmC-DPPS-l , it 
was found that ubiquinone-1 0 productivity could be very effictentiy Improved by strengthening the expression of dec* 
aprenyldiphosphate synthetase. Also it was revealed that the promoter derived from rRNA was much stronger than 
the gInB promoter so far known and useful for the production of ubiquinone-1 0. 



Example 7 Cloning of the p-hydroxybenzolc acid-decaprenyltransferase gene derived from R. sphaeroldes 



IS 
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[0277] Chromosomal DNA of R. sphaeroldes PERM BP-4675 was obtained according to the method described In 
Example 1 

(1 ) and 200 p.g of the chromosomal DNA obtained was partially digested with Sau 3AI. 

[0278] The resulting partially digested DNA fragments were fractionated by sucrose density gradient ultracentrifu- 
gation and 2-8 kb DNA fragments were Ifgated to a plasmid vector. pUC19, digested with Bam HI. E. coH DH5a was 
transformed by a conventional method with the ligation product and the resulting cells were spread on LB agar medium 
containing 100 jig/ml amplcillln and cultured at 37'C ovemlght to prepare a genomic DNA library consisting of about 
50.000 transfomiants. 

[0279] A plasmid carried by the transfomiants constituting the genomic DNA library was extracted according to a 
conventional method and ubIA-defective strains, that is. strains In whk;h p-hydroxybenzoic acid transferase (ubIA) Is 

^5 defective, were transformed with the ptasmid. 

[0280] The transformants obtained were spread on M9 minimal medium (a medium prepared by autoclaving a so- 
lution containing 6 g/l Na2HP04, 3 g/l KH2PO4, 5 g/1 NaCI, 1 g/l Na4CI. and 1 .8% Bacto Agar and then adding thereto 
1 mmot/I MgS04, 4 mg of vitamin 81 . 0.4% succinic acid, and 50 mg of methionine that were separately autoclaved) 
containing succinic acid as the sole carbon source and cultured. 

3^ [0281 ] A plasmid was extracted from one transfomnant strain grown on M9 minimal medium containing succinic add 
as the sole carbon source according to a conventional method, and the plasmid was Introduced into the ubiA-defective 
strain once again to confimn that the ubIA-defecthre strain was given the ability to grow when succinic acid Is the sole 
carbon source by the plasmid. 

[0282] The nucleotide sequence of the DNA fragment inserted to the plasmid was determined using 373A sequencer 
(Perkln-Elmer Japan). 

[0283] The determined nucleotide sequence was analyzed with Genetyx Mac (Software Development) to confirm 
that ORF encoding a polypeptide that Is highly homologous to the known amino acid sequence of p-hydroxybenzote 
acid-polyprenyttransf erase was present. 

^ Example 8 Production of ubiqulnone-1 0 by transformants containing ptasmid highly expressing the p-hydroxybenzolc 
acid-decaprenyltransferase gene 

[0284] Primers for PGR were designed on the basis of the sequence Infomnatlon found in Example 7. The sense 
primer and antisense primer used were the p rimer In which the restriction enzyme Kpn {-recognizing sequence is added 
to a 5*-terminal for the former and the primer in which the restriction enzyme Eco Rl-recognlzlng sequence was added 
to a 5*-teminal for the latter. 

[0285] DNA encoding p-hydroxybenzolc acid-decaprenyttransferase was amplified by PGR using chromosomal DNA 
of R. sphaeroldes KY4113 (PERM BP-4675) as a template. 

[0286] Both terminals of the resulting amplified DNA fragment were digested with Kpn I and Eco Rl and the DNA 
fragment was purified by a conventional method. 

[0287] Two DNA fragments, that is. the DNA fragment obtained above and the rmC-derived promoter DNA containing 
Xba l-and Kpn l-recognizlng sequences at respective terminals obtained In Example 5. were llgated to a Xba i and 
Eco Rl-double digestion product of a wide host range vector. pEG400, to obtain recombinant plasmid. 
[0288] E. coii DHSa was transformed with the recombinant plasmid and then plasmid carried by the resulting trans- 
formants was extracted by a conventional method. The nucleotide sequence of the DNA fragment Inserted to the 
plasmid was determined. 

[0289] By analyzing the nucleotide sequence of the inserted DISIA fragment, the recombinant plasmid was confinmed 



\4S 



55 



22 



BP 1 227 155 A1 



to carry DNA encoding p-hydroxybenzolc acid-decaprenyltransferase linked directly downstream to the promoter de- 
rived from rmC. The plasm id was named pEGn^nC-ubiAl . 

[0290] A plasmid in which DNA encoding p-hydroxybenzoic acid-decaprenyltransferase is linked downstream to a 
gInB promoter derived from KY41 1 3 was constructed in the similar manrier and the plasmid was named pEGglnB-ubiAl . 
[0291] Plasmid pEGrmC-ubiAl and pEGglnB-ubiAl » and pEG400 as a control were introduced into KY4113 by ele- 
crtoporation. 

[0292] The cells into which the plasmid was Introduced were cultured at SO'^G for 3 hours using SOC medium. The 
resulting culture was spread on LB agar medium containing 1 00 (ig/ml spectinomycin and cultured at 30"C for 3 days. 
[0293] Transformants grown were cultured and plasmid was extracted from the resulting cells. It was confirmed that 
the transformants contained the plasmid introduced thereinto. 

[0294] The transformants obtained in this manner were named KY4113/pEGrmC-ubiA1. KY4113/pEGglnB-ublA1 
and KY4113/t)EG400, respectively. 

[0295] One platinum loop of the cells of each of the obtained strains was Inoculated Into 5 ml of a seed medium 
containing 1 00 jig/ml spectinomycin in a test tube and cultured at 30°C for 24 hours. 

[0296] The resulting cultures were added to 5 ml of a ubiquinone-1 0 production medium containing 1 00 jig/ml spec- 
tinomycin in a test tube in an amount of 0.5 ml, respectively, and cultured at 30*0 for 5 days with shaking. 
[0297] After the completion of culturing, ublquinone-1 0 was recovered from a culture In accordance with the method 
described in Example 2 and the production amount of ubiquinone-10 was cateulated by quantitative analysis using 
HPLG. 

[0298] The results are shown in Table 4. 



Table 4 





Growth 


Titer of 


Content 




(OD660) 


ubiquinone-10 (mg/i) 


(Titer/ growth) 


KY4113/pEG400 


23.42 


58.3 


2.5 




24.22 


63.6 


2.6 


KY4113/ 


23.14 


85.4 


3.7 


pEGrrnC-ublAI 


22.8 


81.8 


3.6 


KY4113/ 


24.2 


78.6 


3.2 


pEGglnB-ublAI 


22.26 


74.7 


3.4 



[0299] The production amount of ubiquinone-10 was significantly higher with KY4113/pEGglnB-ubiA1 and 
KY4113/pEGrmC-ublA1 as compared with the control KY4113/pEG400. Among the transfonmants compared, 
KY4113/pEGnmG-ubiA1 showed the highest ublquinone-1 0 productivity. 

industrial AppHcability 

[0300] According to the present invention, a process for producing ubiquinone-1 0 which is useful for the improvement 
of the conditions of heart disease and as a substance having an antioxidative function, DNA and a polypeptide useful 
for the production process, microorganisms useful for the production, method for expressing a gene in the mteroor- 
ganisms, and a method for breeding the microorganlsnns can be offered. 

[Sequence Listing Free Text] 

[0301] 

SEQ ID NO: 7 - Descriptton of the aitiftelal sequence: synthetic DNA 

SEQ ID NO: 8 - Description of the artiffclal sequence: synthetic DNA 

SEQ ID NO: 9 - Description of the artificial sequence: synthetic DNA 

SEQ ID NO: 10 - Description of the artificial sequence: synthetic DNA 

SEQ ID NO: 1 1 - Description of the artificial sequence: synthetic DNA 

SEQ ID NO: 12 - Description of the artificial sequence: synthetic DNA 
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10 



20 



30 



40 



SEQUENCE LISTING 

<110> KYOWA RAEKO X06Y0 CO., LTD. 

<120> PEOCESS FOR PEODUCING UBIQUINONB-iO 

<130> 11244W01 



<140> 

« <141> 



<150> JPl 1-291959 
<151> 1999-10-14 



<160> 12 

25 <170> PatentIn Ver. 2.0 



<210> 1 
<211> 999 
<212> DM 

<213> Blxodobacter sphaeroides 



35 <400> 1 

atg gga ttg gac gag gtt teg caa aag ccg cat gaa egg etc gcc gcg 48 
Het GI7 Leu Asp Glu Val Ser Gin Lys Pro His Glu Arg Leu Ala Ala 
1 - 5 10 15 



tgg ctg gcc gag gac atg gcc gcc gtc aac ggg ctg ate Cgc gag egg * 96 
Trp Leu Ala Glu Asp Het Ala Ala Yal Asa 6I7 Leu lie Arg Glu Arg 
20 25 30 

atg gcc teg aaa cac gcg ccccgc att ecc gag gtc acg gcg cat ctg 144 
Het Ala Ser Lys His Ala Pro Arg He Pro Glu Val Thr Ala His Leu 
35 40 45 

gtc gag gcc ggc ggc aag egg ctg egg ccg etc ctg acg etc gcc gcg 192 
Yal Glu Ala Gly Gly Lys Arg Leu Arg Pro Leu Leu Thr Leu Ala Ala 
50 55 60 
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gcg egg etc tgc ggc tac gag gga ccc tac cat ate cat ctg gcc gcg 240 
Ala Arg Leu Cys Gly Tyr 61u Gly Pro His lie His Leu Ala Ala 
65 70 75 80 

acg gtg gag ttc ate cac acg gcg acg ctg ctt cac gac gat gtg gtg 288 
Thr Yal Gin Pbe He His Thr Ala Thr Leu Leu His Asp Asp Val Val 
85 . ^ 95 

gac gag age cac cgc cgc cgc *^c aag ccc acg gcg aac etc ctg tgg 336 
Asp GIu Ser His Arg Arg Arg Gly Lys Pro Thr Ala Asn Leu Leu Trp 
100 105 110 

gac aac aaa tec tog gtg ctg gtg ggc gac tat etc ttc gcc cgc age 384 
Asp Asn Lys Ser Ser Val Leu Val Gly Asp Tyr Leu Phe Ala Arg Ser 
115 120 125 

ttc cag ctg atg gtc gag acc ggc teg etc cgc gtg atg gac ate etc 432 
Phe Gin Leu Met Val Glu Thr Gly Ser Leu Arg Val Met Asp He Leu 
isO 135 140 

gcc aat gcg teg gee acc ate tec gag ggc gag gtg ctg caa ctg acc 480 
Ala Asn Ala Ser Ala Thr lie Ser Glu Gly Glu Val Leu Gin Leu Thr 
145 150 155 160 

gcg gcc cag gat ctg cgc acg acc gag gac ate tac ctg cag gtg gtg 528 
Ala Ala Gin Asp Leu Arg Thr Thr Glu Asp He Tyr Leu Gin Val Val 
165 170 175 

* 

cgc ggc aag acg gcc gcg etc ttc get gcg gcg acc cag gtg ggc ggc 576 
Arg Gly Lys Thr Ala Ala Leu Phe Ala Ala Ala Thr Gin Val Gly Gly 
180 .185 190 . 

gtg gtc gcg ggc atg ccc gag gcg cag gtc gag gcg ctt cat gcc tac 624 
Val Val Ala Gly Met Pro Glu Ala Gin Val Glu Ala Leu His Ala Tyr 
195 200 205 

ggc gac gcg ctg ggg ate gcc ttc cag ate gtc gac gac etc etc gat 672 
Gly Asp Ala Leu Gly lie Ala Phe Gin lie Val Asp Asp Leu Leu Asp 
210 215 220 



25 



EP1 227155 A1 



tat ggc gso gtg gat gcc cag ate ggc aag aac acc gga gac gac ttc 720 
Tyr Gly Gly Yal Asp Ala Gin lie Gly Lys Asn Tbr Gly Asp Asp Phe 
5 225 230 235 240 

cgc gag cgc aag ctg acg ctg ccg gtc ate aag gcg gtg gcc cag gcc 768 
Arg Glu Arg Lys Leu Thr Leu Pro Val lie Lys Ala Val Ala Gin Ala 
245 250 255 

gat gcc gag gag cgc gcc ttc tgg cag egg gtg ate gag aag ggc gac 816 
15 Asp Ala Glu Glu Arg Ala Phe Trp Gin Arg Val lie Glu Lys Gly Asp 

260 265 270 



20 



cag cgc gag ggg gac etc gag cag gcc cat gcg ate atg tec cgc cac 864 
Gin Arg Glu Gly Asp Leu Glu Gin Ala His Ala lie Met Ser Arg His 
275 280 285 

2^ ggc gcc atg gag gcc gcc egg cag gat gcg etc cgc tgg gtc gcg gtc 912 

Gly Ala Met Glu Ala Ala Arg Gin Asp Ala Leu Arg Trp Val Ala Yal 
290 295 300 

30 gcg Cgc gag gca etc ggc cag ctg ccg aag cac ccg ctg cgc gag atg 960 

Ala Arg Glu Ala Leu Gly Gin Leu Pro Lys His Pro Leu Arg Glu Met 
305 310 315 320 

ctg cac gat ctg gcc gat ttc gtg gtc gaa cgc ate gcc 999 
Leu His Asp Leu Ala Asp Phe Val Val Glu Arg lie Ala 
325 330 

40 

<210> 2 
<211> 333 
« <212> PET 

<213> Hhodobacter sphaeroides 

<400> 2 

Met Gly Leu Asp Glu Val Ser Gin Lys Pro His Glu Arg Leu Ala Ala 
1 5 10 15 

55 Trp Leu Ala Glu Asp Met Ala Ala Val Asn Gly Leu He Arg Glu Arg 

20 25 30 



so 
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Met Ala Ser Lys His Ala Pro Arg He Pro 61u Val Tbr Ala His Leu 
35 40 45 

Val Glu Ala Gly Gly Lys Arg Leu Arg Pro Leu Leu Thr Leu Ala Ala 
50 55 60 ' 

Ala Arg Leu Cys Gly Tyr Glu Gly Pro Tyr His He His Leu Ala Ala 
65 70 75 80 

Thr Val Glu Phe He His Tbr Ala Thr Leu Leu His Asp Asp Val Val 
85 90 95 

Asp Glu Ser His Arg Arg Arg Gly Lys Pro Thr Ala Asn Leu Leu Trp 
100 105 110 

Asp Asn. Lys Ser Ser Val Leu Val Gly Asp Tyr Leu Phe Ala Arg Ser 
115 ' 120 125 

Phe Gin Leu Met Val Glu Thr Gly Ser Leu Arg Val Met Asp He Leu 
130 135 140 

Ala Asn Ala Ser Ala Thr He Ser Glu Gly Glu Val Leu Gin Leu Thr 
145 150 155 160 

Ala Ala Gin Asp Leu Arg Thr Thr Glu Asp He T^ Leu Gin Val Val 
165 170 175 

Arg Gly Lys Thr Ala Ala Leu Phe Ala Ala Ala Thr Gla Val Gly Gly 
180 185 190 

Val Val Ala Gly Met Pro Glu Ala Gin Val Glu Ala Leu His Ala Tyr 
195 200 205 

Gly Asp Ala Leu Gly He Ala Phe Gin He Val Asp Asp Leu Leu Asp 
210 215 220 



1^ Gly Gly Val Asp Ala Gin He Gly Lys Asn Thr Gly Asp Asp Phe 
225 230 235 240 
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Arg Glu Arg Lys Leu Thr Leu Pro Yal lie Lys Ala Val Ala Gin Ala 
245 250 255 

5 

Asp Ala Glu Glu Arg Ala Phe Trp Gin Arg Val lie Glu Lys Gly Asp 
260 265 270 

Gin Arg Glu Gly Asp Leu Glu Gin Ala His Ala lie Met Ser Arg His 
275 280 285 

Gly Ala Met Glu Ala Ala Arg Gin Asp Ala Leu Arg Trp Val Ala Val 
290 295 300 

Ala Arg Glu Ala Leu Gly Gin Leu Pro Lys His Pro Leu Arg Qlu Met 
20 305 310 315 320 

• Leu His Asp Leu Ala Asp Phe Val Val Glu Arg lie Ala 
325 330 



<210> 3 
30 <211> 996 

<212> MA 

<213> Bhodolsacter sphaeroides 

55 <400> 3 

atg cag cag ccg cgc caa gcg cca gag get ccc gcc ggg gga cog gcg 48 
Met Gin Gin Pro Arg Gin Ala Pro Glu Ala Pro Ala Gly Gly Pro Ala 
15 10 15 



40 



SO 



gcc ggg acg acg cag ggc acg gtg gcc gat gcc ccg ccc gga aac tgg 96 
Ala Gly Thr Thr Gin Gly Thr Yal Ala Asp Ala Pro Pro Gly Asa Trp 
20 25 30 

gtc gac agg etc gcg ccc gcc gcg acg egg ccc tat ctg cgc ctg teg 144 
Val Asp Arg Leu Ala Pro Ala Ala Thr Arg Pro Tyr Leu Arg Leu Ser 
35 40 45 



cgc gcc gac egg ccg ate ggg aca tgg ctt ctg ctg ate ccc tgc ttc 192 
55 Arg Ala Asp Arg Pro He Gly Thr Trp Leu Leu Leu lie Pro Cys Phe 

50 55 60 
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tgg gcg gig gcg ctg gcg gcg ctg gcc gat ccc ggg gga tac egg ccg 240 
Trp Ala Val Ala Leu Ala Ala. Leu Ala Asp Pro 61/ Gly Tyr Arg Pro 
65 * 70 75 80 

etc gac etc tgg etc gtg ate ggc age teg gic ggc gcc ttc etc atg 288 
Leu Asp Leu Trp Leu Val lie Gly Ser Ser Val Gly Ala Phe Leu Met 
85 90 95 

cgc ggg gcg ggc tgc acc tgg aac gac ate acc gac cgc gag ttc gac 336 
Arg Gly Ala Gly Cys Thr Trp Asn Asp He 1^ Asp Arg Glu Phe Asp 
100 105 * 110 

gcc gca gtg gca cgt acc cgc teg cgc ccg ate ccc teg ggg cag gte 384 
Ala Ala Val Ala Arg Thr Arg Ser Arg Pro He Pro Ser Gly Gin Val 
115 .120 125 

age gcg aag gcc gcg gcg gtc tgg atg gtg gtg cag gcg ctg gte gcc 432 
Ser . Ala Lys Ala Ala Ala Val Trp Met Val Val Gin Ala Leu Val Ala 
130 135 140 

teg etc ate etc ttc age ttc aac ggc ace gcg ate ctg ctg ggc gtg 480 
Ser Leu He Leu Phe Ser Phe Asn Gly Thr Ala He Leu Leu Gly Val 
145 150 155 160 

gcc teg etc gcc etc gtc tgc ate tat ccc ttc gcc aag cgc ttc acc 528 
Ala Ser Leu Ala Leu Val Cys He Tyr Pro Phe Ala Lys Arg Phe Thr 

165 170 175 

♦ 

tgg tgg ccg ccc ttc etc ggg etc gee ttc aac tgg ggg gcg ctg ctg 576 
Trp Trp Pro Pro Phe Leu Gly Leu Ala Phe Asa Trp Gly Ala Leu Leu 
180 185 190 

etc tgg gcc gcc cac acc ggc age etc ggc tgg gcg ccg gtc gcg-etc 624 
Leu Trp Ala Ala His Thr Gly Ser Leu Gly Trp Ala Pro Val Ala Leu 
195 200 205 

tat gcc teg ggg ate gcc tgg acg ctg ttc tac gac acg ate tac gcc 672 
Tyr Ala Ser Gly He Ala Trp Thr Leu Phe Tyr Asp Thr He Tyr Ala 
210 215 220 
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cat cag gac aag gag gac gat gcg ctg ate ggg gtg cgc teg acc gcg 720 
5 His Gin Asp Lys Gin Asp Asp Ala Leu He Gly Val Arg Ser Thr Ala 

225 230 235 240 

egg etc ttc ggg cag cat acg ggc aag tgg etc gtg gee ttc atg atg 768 
Arg Leu Phe Gly Gin His Thr' Oly Lys Trp Leu Val Ala Phe Met Met 
245 250 255 

15 gcg gcg acc etc ctg atg acg etc gcg gtg ctg ctg gcc gtg ctg cog 816 

Ala Ala Thr Leu Leu Met Thr Leu Ala Val Leu Leu Ala Val Leu Pro 
• 260 265 270 

^ cag ggc teg ate etc cag etc ttg ate gca etc gcg ggc gtc tgg ggc 864 

Gin Gly Ser lie Leu Gin Leu Leu lie Ala Leu Ala Gly Val Trp Gly 
' 275 280 285 



25 



30 



35 



40 



SO 



ttc ggc gcc cac atg acc tgg cag ate gcc egg etc gac acc gag gac 912 
Phe Gly Ala His Hat Thr Trp Gin lie Ala Arg Leu Asp thr Glu Asp 
2S0 295 300 

acc gcg cgc tgc ctg cgc etc ttc cgc teg aac egg gac gcg ggc ctg 960 
Thr Ala Arg Cys Leu Arg Leu Phe Arg Ser Asa Arg Asp Ala Gly Leu 
305 310 315 320 

ate cct gcg ctg ttt etc gcc aca gcc gcg etc ett * 996 

lie Pro Ala Leu Phe Leu Ala Thr Ala Ala Leu Leu 
325 330 



<210> 4 



' 45 <211> 332 



<212> PRT 

<213> Bhodobacter sphaeroides 
<400> 4 

Met Gin Gin Pro Arg Gin Ala Pro Glu Ala Pro Ala Gly Gly Pro Ala 
15 10 15 

Ala Gly Thr Thr Gin Gly Thr Val Ala Asp Ala Pro Pro Gly Asn Trp 
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20 25 30 

Val Asp Arg Leu Ala Pro Ala Ala Thr Arg Pro Leu Arg Leu Ser 
35 40 45 . 

Arg Ala Asp Arg Pro lie Qly Thr Trp Leu Leu Leu lie Fro Cys Phe 
50 55 60 

Trp Ala Val Ala Leu Ala Ala Leu Ala Asp Fro Gly Gly Tyr Arg Pro 
65 70 75 80 

Leu Asp Leu Trp Leu Val He Gly Ser Ser Val Gly Ala Phe Leu Met 
85 90 95 

Arg Gly Ala Gly Cys Thr Trp Asn Asp lie Thr Asp Arg Glu Phe Asp 
100 105 110 

Ala Ala Val Ala Arg Thr Arg Ser Arg Pro He Pro Ser Gly Gin Val 
115 120 125 

Ser Ala Lys Ala Ala Ala Vkl Trp Ket Val Val Gin Ala Leu Val Ala 
130 135 140 

Ser Leu lie Leu Phe Ser Phe Asu Gly Thr Ala He Leu Leu Gly Val 
145 150 155 leo 

Ala Ser Leu Ala Leu Val Cys He Tyr Pro Phe Ala Lys Arg Phe Thr 

165 170 175 

» 

Trp Trp Pro Pro Phe Leu Gly Leu Ala Phe Asn Tip Gly Ala Leu Leu 
180 185 190 

Leu Trp Ala Ala His Thr Gly Ser Leu Gly Trp Ala Pro Val Ala Leu 
195 200 205 

Tyr Ala Ser Gly He Ala Trp Thr Leu Phe T^ Asp Thr He Tyr Ala 
210 215 220 

His Gin Asp Lys Glu Asp Asp Ala Leu He Gly Val Arg Ser Thr Ala 
225 .230 235 240 
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10 



Arg Leu Phe Gly &ln His Thr Gly Lys Trp Leu Val Ala Phe Met Met 
245 250 255 

Ala Ala Hx Leu Leu Het Thr Leu Ala Val Leu Leu Ala Val Leu Pro 
260 265 270 

Gin Gly Ser He Leu Gin Leu Leu He Ala Leu Ala Gly Val Trp Gly 
275 280 285 

Phe Gly Ala His Met Thr Trp Gin He Ala Arg Leu Asp Thr Glu Asp 
290 295 300 

Thr Ala Arg Cys Leu Arg Leu Phe Arg Ser Asn Arg Asp Ala Gly Leu 
305 310 315 320 



25 He Pro Ala Leu Phe Leu Ala Thr Ala Ala Leu Leu 

325 330 



20 



30 



s 40 



SO 



55 



<210> 5 
<211> 196 
<212> DNA 

<213> Rhodohacter sphaeroides 
<400> 5 

ggtctagact ggagccggga ttttcgagga atcgcggcct gaggtccggg cggggcaggg 60 
gcgggcaggc ggtgcggcgg ctccggtgaa gtccttgcgg atcagcgggt tgcgaggaat 120 
ttccatgcgg ctgtcatttt tcctcttgcg ggtttttttg cggttcccta gatagcgcct 180 
caccgaagga ggtacc 195 



<210> 6 

<211> 17 
<2i2> DNA 

<213> Bhodobacter ^haeroides 
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<220> 
<221> CDS 

<222> (172). -(1035) 
<400> 6 

aaccaccttc ggcacaatct gtctcatgcc cggg&ttgtt gacacccccg tgcgggctgt 60 

ccagtatcaa agaccagaag gtgtaa^aaa aaettgacac ctgtggagtc ggcggcacgg 120 

tggccgcccc ggggcgca&c gatgcgccgg agctgtccta tgaggcacaa g atg gcg 177 

Met Ala 
I 

ttt gaa cag egg att gaa gcg gca atg gca gcg gcg ate gcg egg ggc 225 
Phe Glu Gin Arg He Glu Ala Ala Met Ala Ala Ala He Ala Arg 01/ 
5 10 15 

cag ggc tec gag gcg ccc teg aag ctg gcg acg gcg etc gac tat gcg 273 
OIb Gly Ser Glu Ala Pro Ser Lys Leu Ala Thr Ala Lea Asp Tyr Ala 
20 25 30 

gtg acg ccc ggc ggc gcg cgc ate egg ccc- acg ctt ctg etc age gtg 321 
Val Thr Pro Gly Gly Ala Arg He Arg Pro Thr Leu Leu Leu Ser Val 
35 40 45 50 

gee acg cgc tgc ggc gac age cgc ccg get ctg teg gac gcg gcg gcg 369 
Ala Thr Arg Cys Gly Asp Ser Arg Pro Ala Leu Ser Asp Ala Ala Ala 
55 60 65 

gtg gcg ctt gag ctg ate cat tgc gcg age etc gtg cat gac gat ctg 417 
Val Ala Leu Glu Leu He His Cys Ala Ser Leu Val His Asp Asp Leu 
70 75 80 

ccc tgc ttc gac gat gee gag ate egg cgc ggc aag ccc acg gtg eat 465 
Pro Cys Phe Asp Asp Ala Glu lie Arg Arg Gly Lys Pro Thr Val His 
85 90 95 

cgc gcc tat tec gag ccg"ctg gcg ate etc acc ggc gac age ctg ate 513 
Arg Ala Tyr Ser Glu Pro Leu Ala He Leu Thr Gly Asp Ser Leu He 

100 105 . 110 * - 
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gtg atg ggc ttc rtg ctg Bcc ggc gcc gcg gcc gac cga ccg cag 661 
Yal Met Gly Phe Glu Val Leu Ala Gly Ala Ala Ala Asp Arg Pro Gin 
115 120 125 130 

egg gcg ctg cag ctg gtg acg gcg ctg gcg gtg egg acg ggg atg ccg 609 
Arg Ala Leu Gin Leu Val Thr Ala Leu Ala Val Arg Thr Gly Met Pro 
135 140 145 

atg ggc ate tgc gcg ggg cag ggc tgg gag age gag age cag ate aat 657 
Het Gly lie Cys Ala 6Iy Gin Gly Trp Glu Ser Glu Ser Gin He Asn 
150 155 160 

etc teg gcc tat cat egg gcc aag aec ggc gcg etc ttc ate gcc gcg 705 
Leu Ser Ala Tyr His Arg Ala Lys Thr Gly Ala Leu Phe He Ala Ala 
165 170 175 

acc cag atg ggc gcc att gcc gcg ggc tac gag gee gag ecc tgg gaa 753 
Thr Gin Met Gly Ala He Ala Ala Gly T^r Glu Ala Glu Pro Trp Glu 
180 185 190 

gag ctg gga gcc cgc ate ggc gag gcc ttc cag gtg gcc gac gac ctg 801 
Glu Leu Gly Ala Arg lie Gly Glu Ala Phe Gin Yal Ala Asp Asp Leu 
195 200 205 210 

ege gac gcg etc tgc gat gcc gag acg ctg ggc aag ecc gcg ggg cag > 849 
Arg Asp Ala Leu Cys Asp Ala Glu Thr Leu Gly Lys Pro Ala Gly Gin 
215 220 225 

gac gag ate cac gcc cgc ccg age gcg gtg cgc gaa tat ggc gtc gag 897 
Asp Glu He His Ala Arg Pro Ser Ala Val Arg Glu Tyr Gly Val Glu 
230 235 240 

ggc gcg gcg aag ggg ctg aag gac ate etc ggc ggc gcc ate gcc teg 945 
Gly Ala Ala Lys Gly Leu Lys Asp He Leu Gly Gly Ala He Ala Ser 
245 250 255 

ate ecc tee tgc ccg gcc gag gcg atg ctg gee gag atg gtc cgc cgc 993 
He Pro Ser Cys Pro Ala Glu Ala Met Leu Ala Glu Met Val Arg Arg 
260 265 270 
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tat gcc .gac aag ate gts ocg gcg cag gtc gcg gcc cgc gtc tga 
Tjr Ala Asp Ljs lie Val Pro Ala Gin Val Ala Ala Arg Vai 
275 280 285 



<210> 7 
<211> 22 
<212> DM 

<21d> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: Synthetic DHA 
<400> 7 

cgaagaagac gttgtgatg? ac 

<210> 8 
<211> 22 

<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seqoence: Synthetic DM 
<400> 8 

tetcggtcat caggcgggaa ta 

<210> 9 
<211> 26 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rSynthetic DM 
<400> 9 

atccayacsg cswcsctsct scayga 
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<210> 10 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DMA 
<400> 10 

♦ 

tcsaesrsrt crtcsrysat gtggaa 

<210> 11 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Descripticm of Artificial Sequence: Synthetic DHA 
<400> 11 

ggtctagact ggagccggga ttttcgagga ate 

<210> 12 
<211> 48 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Descripticm of Artificial Sequrace:Synthetic DHA 
<400> 12 

ggtttttttg cggttcccta gatagcgcct caccgaagga ggtaccgg 
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Claims 

1 . A process for producing ubiquinone-1 0 which comprises culturing, in a medium, a microorganism having the ability 
to fomi ubiquinone-1 0 and having one or more properties selected from the group consisting of the property wherein 
geranylgeranyitransf erase activity is reduced or defective, the property wherein decaprenyldiphosphate synthetase 
activity is strengthened, and the property wherein p-hydroxybenzoic acid-decaprenyltransferase activity is 
strengthened, allowing ublquinone-10 to form and accurriulate In a culture, and recovering the ublquinone-1 0 frorn 
the culture. 

2. The process according to claim 1 , wherein the property wherein geranylgeranyttransferase activity is reduced or 
defective is a property obtained by introducing DNA comprising a nucleotide sequence wherein one or more nu- 
cleotide residues have been deleted, substituted or added in the nucleotide sequence of DNA encoding geran- 
ylgeranyttransferase, and encoding a polypeptide wherein geranylgeranyltransferase activity Is reduced or defec- 
tive into a microorganism having the ability to form ublqulnone-10. 

3. The process according to claim 2, wherein the DNA encoding geranylgeranyltransferase is DNA encoding gera- 
nylgeranyltransferase derived from Rhodobacter sphaeroldes . 

4. The process according to claim 2, wherein the DNA encoding geranylgeranyltransferase is DNA comprising the 
nucleotide sequence shown in SEQ ID NO: 6. 

5. The process according to claim 1 , wherein the property wherein decaprenyidiphosphate synthetase activity is 
strengthened is a property which is obtained by introducing DNA encoding decaprenyidiphosphate synthetase into 
a microorganism having the ability to form ublquinone-1 0. 

6. The process according to claim 5, wherein the DNA encoding decaprenyidiphosphate synthetase is DNA encoding 
decaprenyidiphosphate synthetase derived from Rhodobacter sphaeroldes . 

7. The process according to claim 5, wherein the DNA encoding decaprenyidiphosphate synthetase is DNA encoding 
a polypeptide selected from the following (a), (b) and (c): 

(a) a polypeptide comprising the amino acid sequence shown in SEQ ID NO: 2, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having 
decaprenyidiphosphate synthetase activity, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
quence shown in SEQ ID NO: 2 and having decaprenyidiphosphate synthetase activity. 

8. The process according to claim 5, wherein the DNA encoding decaprenyidiphosphate synthetase is DNA of the 
following (a) or (b): , 

(a) DNA comprising the nucleotide sequence shown in SEQ ID NO: 1 , or 

(b) DNA which hybridizes to the DNA of the above (a) under stringent conditions and which encodes a polypep- 
tide having decaprenyldqahosphate synthetase activity. 

9. The process according to claim 1 , wherein the property wherein p-hydroxybenzolc acid-decaprenyltransferase 
activity is strengthened is a property which is obtained by introducing DNA encoding p~hydroxybenzoic acid-dec- 
aprenyltransferase into a microorganism having^e-ability to-fomi ublquinorte-l 0. 

10. The process according to claim 9, wherein the DNA encoding p-hydroxybenzoic acid-decaprenyltransferase is 
DNA encoding p-hydroxybenzoic acid-decaprenyltransferase derived from Rhodobacter sphaerotdes ^ 

11. The process according to claim 9, wherein the DNA encoding p-hydroxybenzoic acid-decaprenyltransferase is 
DNA encoding a polypeptide selected from the following (a), (b) and (c): 

(a) a polypeptide comprising the amino acid sequence shown In SEQ ID NO: 4, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having p- 
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20 



25 



hydroxybenzoic acid-decaprenyltransf erase activity, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
quence shown in SEQ ID NO: 4 and having p-hydroxybenzok: acid-decaprenyltransf erase activity. 

s 12. The process according to claim 9. wherein the DNA encoding p-hydroxybenzolc acid-decaprenyltransferase is 
ONA of the following (a) or (b): 

(a) DNA comprising the nucleotide sequence shown in SEQ ID NO: 3, or 

(b) DNA which hybridizes to the DNA of the above (a) under stringent conditions and which encodes a polypep- 
10 tide having p-hydroxybenzoic acid-decaprenyltransferase activity. 

13. The process according to any of claims 1 , 2, 5 and 9, wherein the microorganism having the ability to fomi ublq- 
ulnone-10 Is selected from the group consisting of microorganisms belonging to the genus Agrobacterium . micro- 
organisms belonging to the genus Paracoccus, and microorganisms belonging to photosynthetic bacteria. 

15 

14. The process according to claim 13, wherein the microorganisms belonging to photosynthetic bacteria are micro- 
organisms selected from the group consisting of microorganisms belonging to the genus Rhodobacter , the genus 
Rhodomicrobium , the genus Rhodopila , the genus Rhodosplrilium , or the genus Rhodopseudomon as . 

15. The process according to claim 14, wherein the microorganisms belonging to the genus Rhodobacter are micro- 
organisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 

16. The process according to any of claims 2, 5 and 9, wherein introduction of the DNA into a host microorganism 
belonging to the genus Rhodobacter is carried out by electroporation. 

17. Decaprenyldiphosphate synthetase which is derived from Rhodobacter sphaeroides . 

18. A polypeptide selected from the following (a), (b), and (c): 

30 (a) a polypeptide comprising the amino acid sequence shown in SEQ ID NO: 2, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino acid residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having 
decaprenyldiphosphate synthetase activity, and 

(c) a polypeptide comprising an amino acid sequence having at least 60% homology to the amino acid se- 
^5 quence shown In SEQ ID NO: 2 and having decaprenyldiphosphate synthetase activity. 

19. p-Hydroxy benzoic acid-decaprenyltransferase which is derived from Rhodobacter sphaeroides . 

20. A polypeptide selected from the following (a), (b) and (c): 

40 

(a) a polypeptide comprising the amino acid sequence shown In SEQ ID NO: 4, 

(b) a polypeptide comprising an amino acid sequence wherein one or more amino add residues have been 
deleted, substituted or added in the amino acid sequence of the polypeptide of the above (a) and having p- 
hydroxybenzoic acid-decaprenyltransferase activity, and 

(c) a polypeptide comprising an amino add sequence having at least 60% homology to the amino acid se- 
quence shown in SEQ ID NO: 4 and having p-hydroxybenzoic acid-decaprenyltransferase activity. 

21. DNA selected from the following (a), (b) and (c): 

^0 (a) DNA which encodes the polypeptide of claim 1 7 or 1 8, 

(b) DNA comprising the nucleotide sequence shown in SEQ ID NO: 1 , and 

(c) DNA which hybridizes to the DNA of the above (a) or (b) under stringent conditions and which encodes a 
polypeptide having decaprenyldiphosphate synthetase activity. 

S5 22. DNA selected from the following (a), (b) and (c): 

(a) DNA which encodes the polypeptide of dalm 19 or 20, 

(b) DNA comprising the nucleotide sequence shown in SEQ ID NO: 3, and 
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(c) DNA which hybridizes to the DNA of the above (a) or (b) under stringent. conditions and which encodes a 
polypeptide having p-hydroxybenzoic acld-decaprenyltransferase activity. 

23. Recombinant DNA which is obtained by inserting the DNA of claim 21 or 22 into a vector 

24. The recombinant DNA according to claim 23, wherein the DNA is inserted downstream to DNA comprising a nu- 
cleotide sequence of a promoter which is present In a ribosomal RNA gene. 

25. The recombinant DNA according to claim 24, wherein the ribosomal RNA gene is a ribosomal RNA gene which is 
derived from a microorganism belonging to the genus Rhodobacter . 

26. The recombinant DNA according to claim 24, wherein the DNA which comprises a nucleotide sequence of a pro- 
moter Is DNA comprising the nucleotide sequence shown In SEQ ID NO: 5. 

27. A transformant which carries the recombinant DNA according to any one of claims 23 to 26. 

28. The transformant according to claim 27, wherein the transfomiant is a microorganism having the ability to fomi 
ublqulnone-10. 

29. The transformant according to claim 28, wherein the microorganism having the ability to form ubiqulnone-10 Is a 
microorganism selected from the group consisting of microorganisms belonging to the genus Agrobacterlum . mi- 
croorganisms belonging to the genus Paracoccus . and microorganisms belonging to photosynthetic bacteria. 

30. The transfomnant according to claim 29, wherein the microorganisms belonging to photosynthetic bacteria are 
microorganisms selected from the group consisting of microorganisms belonging to the genus Rhodobacter , the 
genus Rhodomicroblum . the genus Rhodopila , the genus Rhodospirilium , and the genus Rhodopseudomonas . 

31. The transfomiant according to claim 30, wherein the microoixjanisms belonging to the genus Rhodobacter are 
microorganisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 

32. A process for producing unIqulnone-1 0, which comprises culturing the transformant according to any one of claims 
27 to 31 in a medium, allowing ubiquinone-1 0 to form and accumulate in the culture, and recovering the ubiquinone- 
1 0 from the culture. 

33. A process for expressing DNA encoding a polypeptide of interest, which comprises inserting DNA encoding the 
polypeptide downstream to DNA which comprises a nucleotide sequence of a promoter which Is present In a 
ribosomal RNA gene. 

34. The process for expressing a gene according to claim 33, wherein the ribosomal RNA gene Is a ribosomal RNA 
gene which is derived from a microorganism belonging to the genus Rhodobacter 

35. The process for expressing a gene according to claim 34, wherein the DNA which comprises a nucleotide sequence 
of a promoter is DNA having the nucleotide sequence shown In SEQ ID NO: 5. 

36. The process for expressing a gene according to any one of claims 33 to 35, wherein the expression is effected in 
a microorganism having the ability to fomi ublquinone-IO. 

37^A process forconstructlng^-mutant of a microorganism having the ability to form ublquinone-10, which comprises 
introducing DNA having a nucleotide sequence wherein one or more nucleotide residues have been deleted, sub- 
stituted or added In the nucleotide sequence of DNA encoding a polypeptide derived from a microorganism having 
the ability to form ubiqulnone-1 0 and encoding a polypeptide of which the polypeptide activity has been altered 
Into a microorganism having the ability to form ubiqulnone-10 by electroppratlon. 

38. The process according to claim 37, wherein the DNA encoding a polypeptide derived from a microorganism having 
the ability to fomi ubiqulnone-1 0 Is DNA comprising the nucleotide sequence shown In SEQ ID NO: 6. 

39. The process according to any one of claims 36 to 38, wherein the microorganism having the ability to fomrublq- 
uinone-1 0 is a microorganism selected from the group consisting of microorganisms belonging to the genus Agro- 
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bacterium, microorganisms belonging to the genus Paracoccus . and microorganisms belonging to photosynthetic 
bacteria. 

40. The process according to claim 39 wherein the microorganisms belonging to photosynthetic bacteria are microor- 
ganisms selected from the group consisting of microorganisms belonging to the genus Rhodobacter . the genus 
Rhodomicrobium , the genus Rhodopila . the genus Rhodospirillum . or the genus Rhodopseudomonas . 

41. The process according to claim 40 wherein the microorganisms belonging to the genus Rhodobacter are micro- 
organisms belonging to the species Rhodobacter sphaeroides or Rhodobacter capsulatus . 
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